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РКЕҒАСЕ 


In the year 1979, the Nagpur University started а new 
Post-Graduate Course in Mathematics Education and the res- 
ponsibility of imparting instruction in "Models of Teaching" 
fell on my shoulders. In order to provide adequate and up-to- 
date information about these models, I started scanning the 
related literature. Perusal of periodicals, in particular, reveal- 
ed to me that there has been widespread acceptance of utility 
of these models for classroom teaching notwithstanding 
the fact that their efficacy for the attainment of specific educa- 
tional objectives has not been supported by sufficient research 
evidence. 


Ausubel’s ‘Advance Organizer Model’ and Bruner's ‘Concept 
Attainment Model’ appeared to have attracted greater attention 
of educationists in India and the world at large. The former 
espoused an expository approach and the latter a discovery 
approach to teaching. Supporters of these two models were, 
thus, inevitably drawn into two antagonistic positions reminis- 
cent of long standing expository-discovery dilemma. 


Later experience at supervising the lessons of M.M.Ed. 
(Master of Mathematics Education) students planned as рег 
tenets of these two models made me increasingly aware of their 
potentialities for teaching mathematical concepts. At the same 
time, I visualized that, by virtue of their well defined syntaxes, 
these models could serve as unanimous representatives of 
expository and discovery methods of teaching. 


I, therefore, contemplated that by subjecting these two 
models to empirical tests under comparable conditions their 
relative effectiveness for the acquisition of mathematical con- 
cepts by Indian students could be ascertained and, in addition, 
some new light could be thrown on the expository-discovery 
controversy which still remained unresolved. 


(i) 


This knowledge was obviously essential in order that we 
should have some empirically based justification for the recom- 
mendation of these models for day-to-day teaching of mathe- 
matical concepts in our schools and colleges. The motive for 
the present study sprang from this upright demand of mathe- 
matics education in the Indian subcontinent. 


The task was monumental and the resources meagre. But 
constant inspiration and encouragement of very many friends 
both in India and abroad provided me the strength and spirit 


to overcome the hurdles and bring this study to successful 
completion. 


The study has been provided into six chapters. The first 
chapter outlines theoretical frame of the Study and states its 
purpose and objectives. Тһе second chapter has been 
devoted to review of related research and formulation of 
hypotheses tested in this study. The third chapter presents 
blueprint of the study апа describes the procedures adopted 
in its conduct. Statistical analyses of the data have been pre- 
sented and results from each analysis brought out in the fourth 
chapter. In order to Point out agreement and disagreement of 
this study with those conducted in the recent past, the results 
have been discussed at length in the fifth chapter. The sixth 


chapter summarizes the whole study and states its major find- 
Ings and conclusions. 


: I owe a debt of gratitude to Dr. Suryakant Jha, my super- 
Visor, who taught me what it is to be a research worker. The 
penetrating questions he asked, implicit guidance he offered, 
and unfailing encouragement he gave, were instrumental in 
streamlining the present study. 


This research work was pursued at the Centre of Advanced 
Study in Education, M.S. University of Baroda, under the 
award of Teacher Fellowship by the University Grants Commis- 
sion, New Delhi, during the academic "session 1981-82. I am 
thankful to the Centre and the Commission for the award. 


The Indian Counc 


с il of Social Science Research, New Delhi, 
referred this thesis for 


evaluation to Prof. M.B. Buch, Chairman, 
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Society for Educational Research and Development, Baroda., 
and granted financial assistance for its publication on his. 
recommendation. 1 am grateful to the Council and their consul- 


tant for the kind gesture. 


Himalaya Publishing House, Bombay, has efficiently shoul- 
dered the responsibility of publishing the thesis within a short 
span of time. It would be my pleasure to remain indebted to 


them for ever. 


The study reflects an honest endeavour to add a drop to the 
ocean of knowledge by whatever limited power and potential- 
ities I might have possessed. It is by no means an end in itself, 
but rather a means towards the end. If research workers in the 
field of mathematics education come forward to share some: 
fresh challenges this study has given me realization of, respon- 
sibility would rest less heavily on me. 


U.G. Chitriv 
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CHAPTER I 


Introduction 


1.0.0. Context of the Problem 


: Epistemological approaches conflicted with each other ever 
Since the days of Plato and Aristotle. Although psychology 
established itself as a discipline distinguishable separately from 
Philosophy nearly a century ago, it continued to cherish com- 
peting theories of learning which were largely inherited from 
armchair philosophies in the area. Educators often enthusiasti- 
cally employed psychological theories to design improved 
instructional paradigms, but fell into controversies over the 
question of preferable methods of teaching, obviously for 
certain lack of experimental support. 


Mathematics educators have particularly been more adept 
in devising instructional strategies for the teaching of mathe- 
Matical concepts on the basis of contemporary psychological 
thinking. But conflicting—even contrasting—views expressed by 
Psychologists working in this field seem to have put them on 
the horns of a dilemma arising out of expository- discovery con- 
troversy. 

(1953) advocated discovery 
1 concepts. Bruner 
hinking and became 
According to him, 
(anyone) knows is 
He asserts that dis- 
g the variety 


Polya (1948) and Piaget 
approach for the teaching of mathematica 
(1961) provided strong support to their t 
the main contender of discovery method. 
“The most uniquely personal of all that he 
that which he has discovered for himself.” 
covery is “...a necesssary condition for learnin: 
Of techniques of problem solving, of transforming information 
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for better use, indeed, for learning how to go about the very 
task of learning". While recommending discovery approach for 
the teaching of mathematics, Bruner (1966, p. 72) argues that, 
**We teach a subject not to produce little living libraries on the 
subject, but rather to get the student to think mathematically 
for himself...”. 


Ausubel (1964), оп the other hand, contends that, "discovery 
methods are no panacea, and that expository and problem 
solving approaches can be rote or meaningful according to the 
conditions under which they operate." He further argues that 
«most of what he (anyone) really knows and meaningfully 
understands, consists of insights discovered by others, which 
have been communicated to him in meaningful fashion". He 
feels that the use of discovery method оп -an all-or-none basis 
is warranted neither by logic nor evidence. Gagne (1965) and 
Skemp (1971) also seem to favour expository approach for the 
teaching of mathematical concepts to some extent. 


Extensive research has been done on the relative efficacy of 
expository and discovery approaches for the teaching of 
mathematical concepts. But, as Henderson (1963, р. 1020) 
aptly puts it, “One conclusion (that can be drawn from these 
studies) is that the evideace is not conclusive." Wittrock (1966, 
p. 44) identified “semantic inconsistencies in designating the 
methods’ as one of the reasons for equivocal research evidence 
іп this area. Bittinger (1968, p. 78) pointed out that, "the 
didactic method has not been given fair сһагсе in control 
group” in some of the previous studies. Gustafsson (1975) 
criticised many studies on this subject for their low technical 
quality. Wallen and Travers (1963, p. 494) and Cronbach 
(1966, p. 76) have gone to the extent of suggesting that this 
polemic question should be set aside. One would, however, be 
inclined to agree with Cantor (1982, p. 454) when he asserts 
that “The problem appears to have sufficient pedagogical and 


theoretical importance to justify further attempt to shed new 
light on the matter." 


One of the probable reasons for inconclusive research evi- 
dence in this area, according to present investigator, was à 
piecemeal approach adopted by some of the previous resear- 
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chers. Since the whole may be greater than sum of its parts, it 
Was conjectured that an eclectic approach—covering all impor- 
tant facets of expository and discovery presentations—would 
bring forth some new evidence. This conjecture led to plan the 
Study which would involve most inclusive forms of expository 
and discovery presentations. Models of Teaching, developed 
by Joyce and Weil (1972) from theoretical standpoints of 
Ausubel and Bruner, appeared to be best suited for the pur- 
Pose. 


Ausubel’s ‘Advance Organiser Model’ was considered to be 
the choicest representative of expository method, because it em- 
phasized organized exposition of subject-matter as hierarchy of 
concepts and also its meaningful assimilation in students" 
Cognitive structure. Bruner's “Сопсері Attainment Model was 
regarded as best representative of discovery method, since it 
involved learning of subject matter by discovering concepts 
embedded in examples and non-examples, and, furthermore, 
ап analysis of concept attainment strategies which could pro- 
vide a training in heuristics—the crux of discovery. According 


to Weil and Joyce (1978, p. 21): 


Two of the models, the Concept Attainment Model and the 
Advance Organizer Model, are concerned with the acquisi- 
tion and retention of concepts. Тһе former involves an in- 
ductive mode of teaching, whereas the latter reflects a more 


didactic, expository form of instruction. 


Since these models had well-defined syntaxes, it was further 
Contemplated that the comparison between them would be 
relatively free from those deficiencies which possibly vitiated 
Previous research on expository and discovery modes of pre- 
Sentation. 


Review of research (Chapter ID) revealed that relative effec- 
tiveness of the full-fledged forms of these two models, for 
acquisition of mathematical concepts, has not, 50 far, been 
investigated in any study, either in India or abroad. Indian 
educators, however, demonstrated growing awareness of the 
Utility of these models for class-room teaching; as was later 
evidenced, by a series of orientation programmes, in models of 
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teaching, for teacher educators, organised by the Department 
of Education, National Council of Educational Research. and 
Training New Delhi, throughout India, Тһе present investi- 
gator, therefore, felt an imperative need of undertaking experi- 
mental research on this subject. 


1.1.0. Mathematics Teaching 


According io Howson (1973, p. 61), the working group on 
research in the teaching of mathematics at the Second Inter- 
national Congress on Mathematical Education held that the 
main role of research in mathematical education was the im- 
provement of mathematics teaching. Research can conceivably 
contribute towards improving the teaching of mathematics 
broadly in two ways, viz. : 

(1) developing theoretical models for the teaching of mathe- 

matics; and 


(2) testing the existing models in classroom conditions. 


Conduct of research in either of these ways has its under- 
pinning in the objectives of mathematical instruction, Although 
specific objectives of instruction may change with time and 
place, the central objective of mathematics instruction remains 
relatively invariant. It emerges from the meaning of mathe- 
matics and the concept of teaching. In order to identify this 
central objective it would be necessary to discuss the nature of 
mathematics and teaching. 


1.1.1. The Nature of Mathematics 


Mathematics is significant for both a scholar and a layman 
though their perceptions may differ. A scholar may find in it 
the purest form of abstraction and a layman may look at it as 
a tool for solving numerical problems. To Polya (1948, p.VID) 
“Mathematics presented in the Euclidian way appears as а 
systematic deductive science; but mathematics in the making 
appears as an experimental inductive science.” According 10 
Poincare (cited by Stewart, 1965, p. 239), “A scientist worthy of 
the name, above all a mathematician, experiences in his work 
the same impression as an artist, his pleasure is as great and of 
the same nature.” Mathematics is thus a Science and also an 
art. As a way of thinking, it can be used to determine whether 
or not an idea is true or at least probably true, and as a way of 
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reasoning it gives us insight into the power of the human 
mind. 
scribes the extrinsic nature and 


The foregoing passage de 
llowing are some of the definitions 


function of mathematics. Fo 

which reveal intrinsic nature of mathematics : 

Dienes (1960, pp. 10-11) : Mathematics is based on experience, 
it is the crystallisation of relationships into а beautifully 
regular structure distilled from our actual contact with the 
world. 

Skemp (1963, p. 41): Mathematics is not a collection of 
facts, which can be demonstrated and verified in the physical 
world, but a structure of closely related concepts, arrived at 
by a process of pure thought. 

Isaacs (1963, p. 25) : Mathematics is virtually a product of pure 
thought. Even though it draws its starting points from the 
world of experience, it refines them into concepts well be- 
yond the scope of that world, and then, by purely logical 
processes of combination, inference and construction builds 
the most elaborate thought scheme. 


Wilder (1972, p. 4) : In the beginning, it derived its concepts, 
such as number, directly from the external world... But 
as mathematics evolved, а higher order abstraction Was 
achieved, in which concepts began to be applied to concepts. 


Lovell (1966, p. 209) : Once the natural numbers and their pro- 
perties have been isolated as it were, by more abstract think- 
ing which is able to reflect on the results of intuition, 
mathematics at once becomes а more conceptualised const- 
ruction. 

From these definitions five deductions emerge: 

1. Mathematics is a product of 


2. Mathematics is a highly conceptualise 
of closely related 


pure thought. 
4 construction. 


3. Mathematics is a regular structure 
concepts. 


4. Elementary concepts of mathematics can be acquired 


by direct experience from the physical world. 
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5. Higher order abstract concepts іп mathematics can be 


arrived at by the process of pure thought and logic or 
intuition, 


1.1.2. The Nature of Teaching 


The purpose of teaching is to maximize learning. According 
to Ausubel (1968, p. 12) “the facilitation of learning is the only 
proper end of teaching.” Teaching obviously includes trans- 
mission of information and creating appropriate situations and 


conditions or proposing activities designed to facilitate lear- 
ning. 


There is a controversy whether teaching is an art ora 
science. Highet (1950, pp.vii-viii) writes : 


I believe that teaching is an art, not a science....... Teaching 
is not like inducing a chemical reaction; it is much more like 
painting a picture or making a piece of music or on a lower 
level like planting a garden or writing a friendly letter. 


Gage (1964, p. 271) argues : 


“Although teaching requires 
artistry, 


it can be subjected to scientific scrutiny. The power to 
explain, predict and control that may result from such scrutiny 
will not dehumanize teaching." Іп an attempt to resolve the 
controversy, Gage 1978, pp. 17-20) distinguishes between a 


Science of teaching and a scientific basis for the art of teaching 
in the following words : 


A science of teaching implies that good teaching will some 


day be attainable by closely rigorous laws that yield high 
predictability and control. «a Scientific basis consists of 
knowledge of regular non-chance relationships in the realm 
of events with which the practice is concerned. 


Thus, on a continuum with votaries of humanistic art of 
teaching at one end and that of rigorous science at the other, 
scientific basis of the art of teaching belongs near the middle of 
the range. 


Following are a few mo 


re definitions of teaching which 
would be helpful to analyze 


the nature of teaching : 


T 
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Henderson (1963, p. 1007) : Teaching can be conceived as the 
ternary relation : X teaches y to 2. Expressed in the notation 
of relation theory, this becomes (x, y) T z or more generally 
T (x, y, 2). As popularly conceived, the domain or *x' is the 
set of persons who act as teachers; the domain of ‘y’ is the 
set of knowledge, beliefs or skills selected by a teacher and 
the domain of 27 is a set of individuals human and other 
animals capable of modifying their behaviour as a result of 
experience—who are taught by a teacher. 


Gage (1963a, p. 96) : By teaching we mean...any interper- 
sonal influence aimed at changing the ways in which other 
person can or will behave. The influence has to impinge оп 
s other person through his perceptual and cognitive pro- 

sses. 


Hough and Duncon (1970, p.2): Teaching is an activity—@ 

unique professional, rational and humane activity in which 

one creatively and imaginatively uses himself and his know- 
ledge to promote the learning and welfare of others. 


Smith (1971, p. 20) : Teaching consists of a succession of acts 
by an individual whose purpose is either to show other per- 
sons how to do something or inform them that something is 


the case. 

Joyce and Weil (1972, P- 3): We think of teaching as а process. 
by which teacher and students create a shared environment 
including sets of values and beliefs (agreement about what is 
important) which in turn color their views of reality. 

When one studies what teachers 
tivities are related closely to teach~ 
defining, correcting students" 
and assessing students’ pro- 


Cooney et al. (1975, p. 10) : 
do, one finds that some асі 
Ing; demonstrating, explaining, 
mistakes, providing motivation, 
gress are some of these. 


The main streams of thought that flow through these defi- 


Nitions are the following : 
1. Teaching is an ordered set of 


2. Ordering of this set is purposeful. 
3. Teaching aims at bringing about change inthe learner. 


teacher behaviours. 
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4. The change occurs through perceptual and cognitive 
Processes of the learner. 


5. The change manifests itself chiefly in the form of cogni- 
tive reorganization. 


1-1,3. Central Objective of Mathematics Teaching 

Having conceived 
related concepts, 
thought; and teaching as pur, 


aimed at bringing about change in co 
the learner, the 


e of the learners, The central objective of 
i » “Acquisition of Mathematical 
Concepts.” 


This assertion has been corroborated by Fehr (1966, р. 235) 
when һе Said, “Тһе acquisition of basic i 


Concepts are the vehicles of thought. Therefore an indivi- 
dual can think mathemati 


matically only if he has assimilated 


Variable in the Present study. 


Theory, Model, Strategy and Method 


As has been indi 
been a Continuous 
methods of teachin 
in Particular, A th 
room Utility only 
ching. Model anq 
Steps in the Process 


Theories of Teaching 
Literature оп educ, 


i ational Psychology abounds i 
learning. According t 


n theories of 
o Gage (1964, p. 268): 
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Theori i ; 

isi казаа will have greater usefulness to. educa- 

While caue нші transformed into theories of teaching... 

mcdia 50 learning deal with the ways in which an 

BE cepe I. theories of teaching deal with the ways in 
n influences an organism to learn. 


Bruner (1 
"wrote $ (1966, p.40) also struck the same note when he 


.. theori 5 

ome of learning and of development are descriptive 

бесінен n реи А Тһеу tell us what happened after 

is concerned ies of instruction, on the other hand... 

learned dh in ix what one wishes to teach can best be 
, proving rather than describing learning. 


Smi 

ё ар о presented а rationale for formulating theories 

еа jh at are wholly independent of the theories of 

hät a vusubel (1968, p. 14), on the other hand, stressed 

Ben eories of learning and theories of teaching are inter- 

ndent rather than mutually exclusive." 

eee theories of teaching have been suggested by рвусһо- 

(1963) Es as: Henderson (1965), Maccia (1965), Bruner 

онд trasser, (1967); Scheffler (1965), Walton (1966) and 
er (1968). These theories, however, have not been as 


usef ` 
EE education as they Were expected to be, for the reason 
ey were stated at most abstract level, In respect of 
70, р. 1396) writes : 


B > 
runer’s theory, for example, Rohwer (19 
ality that 


dene is stated at such a high level of gener 
e implementation of its implications in educational practice 


is left almost entirely to 
whatever his capacity- Presently, 
p practice only in the һа 
ive practitioners. 

12 

di Models of Teaching 

a great service to educa- 

models of teaching from 

models of teaching 


Joyce and Weil (1972) have done 


‘tio : 
s practice by developing the 
er of learning theories. Since these 


wer s 
zie. stated more explicitly and directly useful for classroom 
Dose, they attracted greater attention of educational pra- 


-ctiti 
oners than the forementioned theories of teaching. 
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The term ‘model’ Seems to be one of the most ambiguously 
used ones in the literature on education. Brodbeck (1963, p. 
88) lamented that “Model is now frequently used for those theo- 
ties which are either highly speculative or quantified, or, most 
likely, both” and Hyman (1971, p. 1313 Pointed out that, “these 
two words, theory and model, often are used interchangeably. 

In the present Study, however, the model 


theory but a translation of the theory in 
form. 


is not a synonym for 
to practical teaching 


According to Weil and Joyce (1978, p.2): 


A model of teachin 
cational activities 


The common denominator of all the models of teaching is 
that each 


cilitate learning Or produce pupil coop- 


eration in activities that appear to Produce learning. 


Joyce and Weil (1972, pp. 8-11) group models of teaching 
into four families : 


. Social Interaction Models; 


1 

2. Information Processing Models; 
3. Persona] Models; and 
4 


- Behaviour Modification Models, 


lons. The models 
Cooperation, inquiry, 
emphasize competition. 


encourage group: 
interpersonal relation-- 


Introduction 1t 


The information processing models are designed to develop: 
inductive mental processes- The focus is on the way students- 
organize information, develop concepts, interpret and propose 
solutions to problems and use symbols. Some models within 
this family emphasize the structure of a discipline while others- 
focus on interdisciplinary problems. 


The personal models operate on the assumption that a$ 
Students! self-perceptions are enhanced they are better able ks 
relate to others and become more skilful in information pro 
cessing. 


The behaviour modification models represent еее 
plans for sequencing learning tasks and changing behaviou! 
Conscious manipulation of reinforcement. 


* Ausubel's Advance Organizer Model’, and алтаа БӘЙ 
cept Attainment Model’—the foci of the present study— belong 
to information processing family of models. 


Joyce and Weil (1572, pp. 12-16) employ the set of five 
conzepts to describe the models: Orientation provides terna 
tical background of the model; Syntax includes d qeu B 
events or phases of the model; Principles of Reaction m ica à 
the mode of teachers’ responses to students' activities ; jm 
System signifies the norms with regard to atation desee d: = 
and relationships; Support system refers to additiona dad 
ments beyond the usual human skills, capacities and techni 


facilities to implement the model. 


Following is the brief description of Ausubel’s AC rege! 
Organizer Model and Bruner’s Concept Attainme 
adapted from Joyce and Weil (1972). 


1.2.2.1. Concept Attainment Model 


This model has been developed from ‘A Study of Thinking» 


the work of Bruner, Goodnow and Austin. 


Orientation 


In order to cope with tremendously diee orae 
human beings engage in the process of categorizing, whic 
means rendering discriminately different things equivalent and 
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responding to them in terms of their class relationship rather 
than uniqueness. Concept attainment is essential for categori- 
zing and occurs by making decisions about attributes belonging 
to the categories. An attribute isa characteristic of an object 


or event. Examples as well as non-examples of the concept can 
be analysed in terms of attributes. 


According to Bruner ег al. (1956, p. 22): 


Concept attainment refers to the process of finding predictive 
defining attributes that distinguishes examples from non- 
examples. This is different from concept formation—the pro- 
cess in which new Categories are formed. Concept forma- 
tion is essentially the first Step en route to attainment. 

Acquisition of concepts in a school su 


bject involves the 
Process of concept attainment by the students with the help of 
concept attainment games. 


Weil and Joyce (1978, p. 32) 
state : 


The requiremeet for co. 
Simple: (the games ar 
that are alike in some 


tics and attribute values of the concept. 


Conjunctive 

by joint Presence of several attributes. 

Disjunctive concepts require the Presence of some attributes 

and the absence of othe 5, like conjuctive 

utes, but these bear some kind of 
relationship to one another, 

Bruner and his associates conten 


d that there are three 
ainment: enactive, 


ms Of actions. Ікопіс 
mode refers to thinking i 


ingin terms of images. Symbolic mode 
refers to thinking in terms of symbols. Bruner believes that 
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fairly sophisticated mathematical thinking cannot take place 
until a child acquires symbolic mode of concept attainment. 


Bruner and his co-workers identified six strategies—four 
selection strategies and two reception strategies—by which 
subjects attain concepts. The selection strategies are : (1) simul- 
taneous scanning; (2) successive scanning; (3) conservative 
focussing; and (4) focus gambling. 


. Insimultaneous scanning strategy, the subject uses each 
instance encountered as an occasion for deducing which hypo- 
theses are tenable and which have been eliminated. Іп succes- 
Sive scanning strategy, the subject formulates a single 
hypothesis and tests it against the incoming instances. In 
conservative focussing strategy, the subject begins with a 
positive instance and then successively searches for other in- 
Stances, one ata time, that are similar in all respects but one. 
In focus gambling strategy, the subject begins with a positive 
instance as a focus and tben successively looks for instances 


that change more than one attribute at à time. 


The reception strategies are : (1) wholist and (2) partist. In 
Wholist strategy, the subject takes the first positive instance and 
uses it as a guide, comparing all the attributes of the first in- 
Stance to those of subsequent instances and modifies the hypo- 
thesis accordingly. In partist strategy, the choice of the 
hypothesis is based on only part of the initial example. If the 
initial hypothesis is not confirmed, the partist refers back to all 


Previous instances and changes the hypothesis. 
Joyce and Weil (1972, р. 112) contend : 


We have developed a concept attainment teaching model to 
serve three purposes: One і to teach students about the 
nature of concept. A second is to teach students to be more 
effective in attaining concepts (finding out categories which 
others use to organize the environment) and forming con- 
cepts (developing new categories). The third purpose is to 


teach specific concepts. 


Syntax 


Phase One: Presentation of Data and Identification of 


Concept. 
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This phase involves presenting data to the learner. Each 
unit of data is a separate example or non-example of the con- 
сері. The learners are informed that there is one idea that all 
the positive examples have in common; their task is to develop 
a hypothesis about the concept. The instances are arranged in 
a pre-arranged order and are lebelled “yes” or “no”. Learners 
are asked to compare and justify the attributes of the different 
examples. Finally, they are to name the concept and state the 
tule or definition of the concept according to its essential 
attributes, 


Fhase Two : Testing Concept Attainment. 


In this phase, the students test their attainment of the con- 
cept, first by correctly identifying additional unlabelled exam- 
ples of the concept and then by generating their own examples. 


Phase Three : Analysis of Thinking. 


Inthis phase, students be 


Bin to analyse the strategies by 
which they attain concepts, 
Principles of Reaction 


During the flow of the 
the students’ hypothesis, 
hypothetical in nature and 


selects and organizes the 
amples, presents data and 
nging to the concept. In 


Strategies, 


Support System 


Concept Attainment lessons require material designed in 
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such a way that concepts are embedded in the materijal. The 
material must be organised so that positive and negative exam- 
ples are pointed out to the students. 


1222. Advance Organiser Model 


А This model has been developed from the theory of meaning- 
ul reception learning propounded by Ausubel. 
Orientation 


Р Ausubel espouses the view that each ofthe academic disci- 
Plines has a structure of concepts which froms the information 
Processing system of the discipline. He conceptualizes the 
discipline as levels of hierarchically organized concepts that 
begin with perceptual data at the bottom and proceed through 
Increasing levels of abstraction until the most abstract concepts 
appear at the top. 

Joyce and Weil (1972, pp. 166-167) state : 
The task of the school, according to Ausubel, is to identify 
clear, stable, and organized bodies of knowledge within the 
discipline. The most important kind of learning which the 
school can foster is the acquisition of these bodies ...As the 
learner acquires clear, stable and organised bodies of know- 
ledge, these constitute in their own right the most significant 
independent variables influencing the meaningful learning 
and retention of new subject matter. 

Ausubel distinguishes between meaningful learning and 
Tote learning. Meaningful learning implies that what has been 
learned is intellectually linked and understood in the context of 
What was previously known. It also implies that this knowledge 
‘can be transformed and applied creatively in new and rather 
Novel situations. Rote learning, in contrast, typically Jacks 
conceptual and critical approaches to the acquisition of infor- 
mation. It usually does not prepare t 
apply the knowledge in new context. 
to forgetting. 

According to Weil and Joyce (1978, p. 202), “Тһе advance 
Organizer model is designed to strengthen students’ cognitive 
Structure, By cognitive structure, Ausubel means persons 
knowledge of a particular subject matter at any given time and 


he learner to transform or 
It is also highly subject 
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how well organized, clear and stable it is." Two principles are 
suggested for programming content in the subject fields in such 
a way that the concepts become a stable part of students 
cognitive structure. The first is Progressive differentiation and 
the second is integrative reconciliation. 


Progressive differentiation means that the most general ideas- 
are presented first, and these are Progressively differentiated in 
terms of detail and specificity. Integrative reconciliation simply 
means that new ideas should be consciously reconciled and 
integrated with previously learned content. 


In the actual teaching situation, the primary way of streng- 
thening cognitive structure and enhancing retention of new in- 


formation is through the use of *Advance Organizer’. According 
to Anderson (1967, p. 158): 


Ausubel believes that learning from meaningful verbal mate- 
rial can be facilitated by providing the student with advance 
organizers which help the student to integrate the new mate- 
rial into his existing cognitive structure. The organizers com- 


pare and contrast the new material with what the student 
already knows. 


Ausubel (1963, р. 29) describes advance organizer in the 
following way. "Advance Organizers consist of introductory 
material at a higher level of abstraction, generality and inclusi- 
veness than the learning task itself.” According to Ausubel, 


“The principal function of 


know so that he can learn 
Advance Organizers are generally based 
upon the major concepts, propositions, generalization, principles: 
and laws of the discipline. 


5 zers, on the other hand, are 
used most with relatively familiar material. They are designed 


asically similar concepts exis- 
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According to Ausubel (1968, pp. 511-516) : 


Older (school-age) children, as well as adolescents and 
adults, acquire new concepts through the process of concept 
assimilation. That is, they learn new conceptual meanings by 
being presented with the critical attributes of concepts and by 
Telating these attributes to relevant established ideas in their 
Cognitive structure. 


He further argues : 


It should be borne in mind that principles of concept forma- 
tion, based on laboratory studies, are not necessarily coex- 
tensive with or even analogus to principles of concept assimi- 
lation in mastering subject matter matterial...In learning 
а new concept as much or more depends on existing proper- 
ties of cognitive structure, on the developmental status of the: 
learner, and on his intellectual ability as on the nature of 
the concept itself and the way in which it is presented." 


Syntax 


Phase One : Presentation of the Advance Organizer 


This phase consists of three activities : clarifying the aims of 
the lesson, presenting the organizer, and prompting awareness 
of relevant knowledge and experience in learners" background. 

hile presenting the organizer, the teacher identifies its defining. 
Attributes, gives examples, provides multicontext and repeats the 
terminology of the subsumer. 


Phase Two : Presentation of the learning task or material. 


In this phase, the teacher makes logical order of ханаа 
Material explicit to the students. He maintains attention an 
Makes the organization explicit. 


Phase Three ; Strengthening of Cognitive Organization. 


In this phase, the teacher strengthens the anchoring of the 
new material in the students’ cognitive structure. He facilitates 
integrative reconciliation of the new material with material in 
the existing cognitive structure and promotes active reception. 
learning, Finally students’ difficulties, if any, are clarified by 
giving additional new information, rephrasing previously given. 
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i T 
information, or applying the ideas to a new problem o 
example. 


Principles of Reaction 


The teacher’s тезропве to the learners’ reaction are guided 
by the purposes of clarifying the meaning of the new learning 
‘material, differentiating it from and reconciling it with existing 
knowledge, making it personally relevant t; the student, and 
‘helping to promote a critical approach to knowledge. 


-Social System 


izer and, to a lesser extent, the presentation 
» the interaction is p 


rimarily one way, 
In phase three, however, the learning 
uch more interactive, with students initia- 
nd comments. 


teacher to student, 
Situation is ideally m 
ting many questions a 


Support System 


Well Organize 
of „this model, 


integral and appro 
the conceptual organizer and the со 


ntent. 
2.2.3, Strategies of Teaching 
The term Strate 
in different Ways. 


Strategy * 
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ence of operations that the teacher and the pupils jointly enter 
into in setting forth and structuring information in such a 
way as to disclose the content that is to be learned.:The control 
dimension deals with the operations the teacher uses to guide 
and control the participation of pupils in performing these 
Operations on the content. If Smith’s partition is applied to the 
models of teaching, the syntax of the model would represent 
treatment dimension and principles of reaction, social system 
and support system would roughly determine control dimen- 
sion. The term strategy, in this study has, however, not been 
used as a synonym to model but rather asa modified and 
operational form of the model to suit the specific purpose. 


Taba (1969) observed that, “It is useless to study teaching 
in general asa global process serving all objectives of educa- 
tion. Rather, it seems necessary to identify the particular 
teaching strategy required by particular type of learning 
goals." 


Weil and Joyce (1978, p. 9) indicated that "Teachers can 
create many variations on each model, or they can take the 
essence of a model dropping the syntax and the phases..." 


Models of teaching discussed in the previous section repre- 
Sent general format for teaching of concepts in all subjects. 
However, mathematics being a discipline with its own peculia- 
tity, it was thought necessary to modify the syntax of these 
models to suit the teaching of mathematical concepts involved 
inlthis study. These modified forms or variations of the model 
Were termed strategies. 


‘Lhe treatment dimension of Bruner Strategy in this study 
had the following phases : 
1. Presentation of positive and negative examples; 
2. Identification of concept by the students; 
3. Elicitation of definition from the students; and 
4. Analysis of concept attainment strategies. 


The treatment dimension of Ausubel Strategy in ¿this study 
had the following phases : 


l. Presentation of advance organizer; 
2. Presentation of concept by definition; 
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3. Illustration of concept by examples; and 
4. Relation of concept to advance organizer. 


Control dimension, that is, principles of reaction, social 
system and support system of these two strategies were the 
same as those of their parent models. 


In addition to these two strategies, one traditional strategy, 
forming a control treatment, was employed in this study. It 
had the following phases : 


]. Presentation of definition; 

2. Illustration of definition by examples; 

3. Memorization of definition by repetition; and 

4. Mechanical application of definition to solve problems. 


1.2.4. Methods of Teaching 


According to Broudy and Palmer (1965, p. 9), “Method 
refers to a set of procedures that are carried out according to 
some rule.” Smith (1971, p. 2!) pointed out : “Ву method 
is generally meant a particular order imposed upon teaching 
activity. It is a construction of how teaching ought to be done.” 
Henderson (1963, p. 1007) holds, “Тһе pattern, thatis, set of 


common properties, that a set of behaviour sequence manifest, 
will be called a method.” 


The gist of these three definitions is that method involves а. 


sequence of behaviour determined by some rule. This rule 
must have some theoretical orientation. 


Thus,a behaviour sequence formulated on the basis of 
discovery orientation would be a discovery method and that 
developed on the basis of expository orientation would be an 
expository method. Other examples of methods are inductive, 
deductive, analytic, synthetic, laboratory, lecture, etc, 


In teaching- learning situation, however, one single method 
is seldom used. To achieve an objective of the lesson the 
teacher has to employ the force of several methods. This 
purposeful combination of methods constitutes a strategy. 


Gerhard (1971, p. 18) went to the extent of observing that 
“Teaching strategies have been classified as a series of methods 
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ranging from lecture, discussion and recitation to the multi- 
method, the project, the self discovery and self selection 
approach.” The present investigator, however, thinks that, 
in order to constitute a strategy, the methods involved should 
be such that they can be articulated with each other. A strategy 
шау also include some special technique to accentuate the 
effect of these methods. 


Ausubel strategy in this study included Advance Organizer 
technique in addition to deductive expository method; and 
Bruner strategy in this study involved the analysis of concept 
attainment strategies in addition to inductive discovery method. 


1.3.0. Cognitive Entry Behaviours 
While evaluating the effectiveness of instruction, it is impe- 
Tative that cognitive entry behaviours of the learners be taken 
into account, According to Bloom (1976, р. 11) cognitive entry 
ehaviours refer to "the prerequisite learning held to be 
Necessary for task(s) on which instruction jis to be provided”. 
Students’ previous knowledge of the learning task would, thus, 
determine their cognitive entry behaviours. But Bloom 
(1976, р. 52) recognizes general intelligence also as universal 
Cognitive entry behaviour and evinces that “intelligence meas- 
ures account for about twenty-five рег cent of the variance while 
achievement measures account for fifty to sixty-four per cent ^ 
the variance on subsequent achievement measures". On the 
basis of this, Bloom (1976, р. 109) further asserts 2... the 
lack of the necessary prerequisite cognitive entry bees 
Tor a particular learning task should make it impossible for the 
Students to master the learning task requirement, no matter 
how good the quality of instruction for that task. 


Ausubel (1968, p. vi) stresses the importance of previous 


knowledge on the part of students in the following words : 


If I had to reduce all of educational psychology M etd 
Principle I would say this: The most cues? 5 
factor influencing learning is what the learner alreacy 
knows, Ascertain this and teach him accordingly. 


Shulman (1970, p. 64) remarked : 


i ich instruction 
The students’ knowledge of the area 10 which ins 
зв кто : t factor... This 


=, must proceed will be ап importan Ф, W, 
372.7 ECE K Y., west senga Ar. 
4 1 i 2. 24 © Library 
@ Kia CN LS E S fe ; 
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suggest that certain minimal prerequisite of understanding 
may be necessary before effective instruction leading to 
cognitive reorganization can be successful. 


Wiviott's (1970) study on geometric concepts provided evi- 
dence that high achieving children excel in concept learning. 
Achievement, on the other hand, has been found to be highly 
correlated to intelligence. Reid (1964) obtained a correlation 
(r—0.85) between intelligence and achievement in arithmetic 
for grade six Jamaican school children. Isaacs (1974) also found 
significant correlation (r—0.63) between mathematics achieve- 
ment and verbal intelligence of third year pupils in Jamaican 


secondary schools. Sanand-Raj and Krishnan (1980) found the 
correlation (r—.631) between intelligence and achievement. 


There have been studies presenting evidence of significant 
contribution of intelligence in the acquisition of mathematical 
concepts. Bruce (1976) has shown that children with higher 
intelligence excel in mathematical concept formation. Sharma 
and Aggarwal (1980) found that the performance of students 
on different taxonomic categories of cognitive tasks in algebra 
varied directly with intelligence. Joshi and Gakhar (1980) also 
concluded that the [variable of intelligence contributes to 
Significant differences in the acquisition of Algebraic concepts. 


Previous knowledge and intelligence were, therefore, trea- 
ted as concomitant variables in the present study. 


1.21, Cognitive Style 

Individuals differ in the waysin which they process infor- 
mation and these differences have repercussions for cognitive: 
functioning. Teaching by particular information processing 


model, therefore, may have differential effects on the indivi- 
duals of different cognitive styles. 


Style was included as moderator va 
in order to observe these differential 


A dimension of cognitive 
riable in the present study, 
effects. 

According to Goldstein and Blackman (1978, р: 2)5 


Cognitive style is a hypothetical construct that has been 
developed to explain the process of mediation between 
stimuli and responses. The term cognitive style refers to the 
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characteristic ways in which individuals organize the envi- 
ronment. 


Messick (1976) defined cognitive style in terms of consis- 
tent patterns of “Organising and processing information”. 
Coop and Sigel (1971) used the term cognitive style “to denote- 
consistencies in individual mode of functioning in a variety of 
behavioural situations". 


There have been numerous approaches to the study of 
Cognitive style under various names such as : Cognitive control 
(Gardner er al., 1959), field-independence (Witkin et al., 1954),. 
Cognitive complexity (Kelly, 1955; Bieri et aL, 1966; Harvey 
et.al., 1961), Reflection impulsivity (Kagan et al, 1964), 
Styles of categorization (Pettigrew, 1958) and conceptual style 
Preference (Kagan et al., 1963). 


The approach chosen for the present study was conceptual 
Style preference. According to Kagan (1966), “Conceptual 
Style preference is a dimension of cognitive style which eters 
to the types of conceptual relationships among objects typically 
formed by the child.” Kagan, Moss, and Sigel (1963) defined 
Conceptual style preferences aS : ы” stable individual M 
ferences іп mode of perceptual organization and conceptua 
Categorization of the external environment". These authors 
identified three types of conceptual style preferences : categori- 
cal, descriptive and relational. 


o the use of common class 


Categorical responses refer t erya 
membership in relating stimuli. This style has been reterre 


as inferential mode of conceptualization in that the use of 
abstract label is a means of summarizing the detailed relation- 
Ship among stimuli. 

Descriptive responses may be defined as concepts formed on 
the basis of shared physical attributes of stimuli. This style has. 
been called an analytic mode of conceptualization 1n the sense 
that an individual deals with similarities among the concrete 
details of stimuli. 


Relational responses are those in which functional relation- 


Ships among stimuli are used in associating stimuli, This style is 
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referred toas a global 
individual associates a уу 
mulus in making an ind 


» contexual, thematic mode in that an 
hole stimulus with another whole sti- 
ependent functional relationship, 


1.4.0. Researcb on Teaching Methods 


According to Tuckman (1972, p. 1», "Research is a systema- 
tic attempt to provide answers to questions." Basic research 
attempts to develop the model ог a theory that identifies all the 
relevant variables in a Particular environment and hypothe- 
Sizes about their relationships, It does not provide immediately 


usable information for altering the environment. A test or try- 
out that includes Systematic eva 


Gage (1963, D. 97) defined research on tea 
search in which at least опе variable consists of a behaviour or 


characteristic of teachers", Тп a preface to the Handbook of 


Reset rch оп Ti eaching, he designated ‘a behaviour or character- 


riable in the research оп teaching 
categories : (1) teaching methods; 
f teaching; and (3) teachers? perso- 


ching as, “ге- 


The research on teaching methods is that in which an inves- 


tigator studies the relation between the methods employed and 
expected student behaviour under various hypotheses. 
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sufficient condition for the manifestation of certain behaviour 
by the student. 


The second kind of research tests the uniqueness hypothesis. 
А researcher shows that а pattern of behaviour by students 
is associated with a certain method the teacher employs. In 
other words, the researcher establishes that the method is a 
necessary condition for the student behaviour in question. 


The third kind of research is an attempt to show that the 
method is both necessary and sufficient condition for certain 
behaviour on the part of students to occur. 


Under this classification the research involved in the present 
-study is the first kind of research. 


The research on the method of teaching can also be classi- 
fied on the basis of number of methods used as independent 
variables in the study. “Only опе method' research is an argu- 
ment in favour of one particular method. It advocates efficacy 


of the method for some specific purpose to achieve. 'Two or 
more methods’ research seeks to compare two or more methods 


with regard to their effectiveness on some predetermined cri- 
terion. Research involved in the present study belongs to the 
latter category. 


1483-1484) and Dunkin and Biddle (1974, 


Mitzel (1960, рр. 
bles involved in the research on 


р. 39) have classified varia 
teaching as follows : 


Presage variables : These refer to certain teacher characte- 
ristics such as аре, 5х, social class background and (training 


experience. 


Context variables : These refer to the features of the context 
within which teaching and learning takes place such as grade 
level, subject matter, size of class and type of community. 


ariables deal with the ways in 


Process variables : These v 
ct—think, talk, 


which the teachers and pupils behave and intera 
write, move and relate to one another. 


Product variables : These denote the amount of learning or 


achievement of educational objective. 
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Six kinds of possible relationships can be conceived of 
among these four types of variables : Context-process, context- 


product, presage-process, presage-product, context-presage and 
process-product. 


The research on teaching can be classified according to the 
kinds of relationships investigated in the study. The relation- 
Ship investigated in a particular study obviously depends upon 
the purpose of the study. Since the purpose of the present study 
Was not to analyse the process of teaching but rather to assess 
and compare the effectiveness of the two Strategies as a whole 
for various criteria of Concept acquisition, its major emphasis 
Was on presage-product relationship. 


1.5.0. Statement of the Problem 


On the theoretical 


problem for the pres 
below : 


background of foregoing sections, the 
ent investigation was stated precisely as 


"EVALUATING DIFFERENTIAL EFFECTIVENESS 

OF AUSUBEL AND BRUNER STRATEGIES FOR 
ACQUISITION OF CONCEPTS IN MATHEMATICS" 
1.6.0. 


Significance of the Study 
Shulman (1970, 


P. 59) appraised Worthen (1968) study on 
Y presentation by Saying that “‘...his 
sses a number of characteristics which would 


model, nor his 4 
attempt to apply s 
Ausubel's models” 


expository treatment in any way reflected an 
ystematically the tenets of either Gagne's or 


troversy. 
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Ausubel and Bruner strategies, evolved from the respective 
models by modifying their syntaxes to suit the teaching of 
mathematical concepts, were compared with traditional strategy 
in the form of control treatment. This would help to determine 
the efficacy of these models in Indian classroom conditions. 


А The study focussed on the central objective of mathematical 
instruction, viz., the acquisition of mathematical concepts. 
Multiple criteria of knowledge, transfer, heuristic transfer, 
Short-term retention and long-term retention were employed to 
test the attainment of the objective. 


Intelligence and previous knowledge which account for 
substantial variance on criterion measures of concept acquisi- 
tion were statistically controlled in this study. 
tudent could affect his infor- 


s considered necessary to ascer- 
arately for the students of 


Since cognitive style of the s 
mation processing mode, it wa 
tain effectiveness of the strategies sep: 
different conceptual style preferences. This was expected to 


Provide some indication regarding probable matching of con- 
ceptual style preference with the two instructional strategies. 
ducted in actual classroom situa- 


The experiment was con 
the external validity of whatever 


tions in order to increase 
evidence that might accrue from the study. 


Teacher fidelity to prescribed treatments Was measured by 
Specially designed *Observer's Rating Scale’ to obviate the 
usual criticism of non-adherence to treatments in comparative 


Studies of this type. 


The rationale for the study has been given in detail at 


2.9.0. supra. 
1.7.0. Objectives of the Study 

The objectives of the present study Were spelled out as 
below : 


Principal Objectives 
(0) To ascertain comparative effectiveness. of Ausubel 


strategy with traditional strategy on the various crite- 
ria of concept acquisition in mathematics. 
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(ii) To ascertain comparative effectiveness of Bruner stra- 
tegy with traditional strategy on the various criteria of 
concept acquisition in mathematics. 


(ii) To ascertain relative effectiveness of Ausubel and Bru- 


ner strategies on the various criteria of concept acqui- 
sition in mathematics. 


Subsidiary Objectives “ 


(i) To ascertain effectiveness of Ausubel strategy in the 


acquisition of concepts in mathematics, separately for 
the students of different conceptual style preferences. 


(i) To ascertain effectiveress of Bruner strategy in the 
acquisition of concepts in mathematics, 


, separately for 
the students of different conceptual sty] 


е preferences. 
(iii) То ascertain relative effectiveness of Ausubel and 
Bruner strategies in the acquisition of concepts in 


mathematics, Separately for the students of different 
conceptual style preferences, 


1.8.0. Assumptions Underlying the Study 


l. Ausubel’s Advance Organizer Model and Bruner's Con- 
cept Attainment Model stand as the choicest representatives of 
Expository and Discovery methods respectively. 


2. Syntaxes of these models can be suitably modified for 


the cevelopmental level of the students and the nature of 
concepts to be taught. 


3. The teacher can be Programmed to a great extent to 
teach according to these models. 


4. Mathematical conce 
continuity and derivative 
models, 


pts of set, relation, function, limit, 
can be taught by both of these 


5. Relative effectiveness of these two models can be judged 
on the basis of Product objectives. 


6. Concept acquisition in math 
the criteria of knowledge, transfer, h 
retention and long.term retention. 


ematics can be assessed by 
euristic transfer, short-term 
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PN domini tests are more useful than standardised 
г the measurem i i 
suay, ent of outcome set forth in a given 


m. There exist intra-teacher variations which have random 
on the acquisition of concepts by the students. 


es г наш behaviours are only partially controlled by 
cA ents’ responses and to a large extent by the method adop- 


A E Non-verbal cues (gestures, movements, etc.) have ran- 
effect on concept acquisition by the students. 


1 ы $ - 

Diis Eve fidelity to prescribed treatments сап be 
г on the i i i i 
Vn basis of observation and rating by trained 
1 12. Cognitive structure variables affect the subsequent 
earning of concepts. 


13. Information processing mode of the students it deter- 


mined by their cognitive style. 
14. Intelligence and previous knowledg 
Statistically. 


e can be controlled 


15. Error variance due to random fluctuations are self- 


Compensating. 
15.0. Scope and Delimitations of the Study 


onfined to eleventh grade students 
f the Nagpur city 


1 


е 1. Thestudy was С 
nrolled in three higher secondary schools o 


during 1981.82. 
2. Most of the students Were from th 
of the society. 


e iower middle class 


3. Only male students Were involved in the study. 


subel, Bruner and control 


4. The number of students in Au 
six and 


treatment groups were limited to thirty-seven, thirty- 
thirty-eight respectively. 

5. The study was limited only to some concepts selected. 
from the syllabus of eleventh grade mathematics. 
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6. Total teaching time for each treatment was twenty-five 
class periods. 


7. Advance organizers in Ausubel strategy were presented 
orally. Written organizers were not used. 


8. Bruner strategy in this study was based on reception 
oriented concept attainment model, Selection oriented or unor- 
ganised material models were outside the purview of this study. 


9. Only the instructional effects of the models were tested 
in this study. Nurturant effects were not observed. 


10. The study centred only on the product objectives of 
instruction. Process variables were not investigated. 


1.10.0. Definitions of the Terms Used 


Evaluation : Qualitative assess 


ment by means of statistical 
significance. 


Differential Effectiveness : Relative effectiveness. for different 
student characteristics (Cognitive Style). 


Ausubel Strategy : Ausubel's Advance Organizer Model with 
modified syntax as given in section 1.2.3, 


Bruner Strategy : Bruner's Concept Attainment Model with 
modified syntax as given in section 1.2.3. 


Traditional Strategy : Control treatment in the form of tradi- 
tional mode of teaching as given in Section 1.2.3, 


"Concept : A form of mental construct (taken as undefined). 
Mathematical Concept : Terms indicating Beneralizations about 
Systematic patterns of mathematica] relations, 


Acquisition of Concepts : ‘Concept Attainment’ or ‘Concept 


Assimilation’ (as the case may be) determined by knowledge, 


transfer, heuristic transfer, short-term Tetention and long- 
term retention of the concepts. 


Concept Knowledge : Recognition of concepts learnt. 


Concept Transfer : 
learnt in situa 
ching. 


Application and extrapolation of concepts 
tions similar to those presented during tea- 
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Heuristic Transfer : Application, analysis and synthesis of the 
concepts learnt to discover new relationships in situations 
different from those presented during teaching. 


Short-Term Retention : Recall of concepts learnt after two 
weeks' period. 

Long-Term Reteniion ; Recall of concepts learnt after eight 
weeks’ period. 

Previous Knowledge : Knowledge of related concepts acquired 
in previous two grades and expected to have been retained. 

Intelligence : An ability of observation and clear thinking, 


operationally accepted as measures on Raven's Standard 
Progressive Matrices. 


Cognitive Style: Conceptual Style Preference classified as 
categorical, descriptive or relational. 


CHAPTER II 
Review of Research 


2.0.0. Prologue 


Theoretical aspects of the study were presented in the first 
chapter. This second chapter deals with review of previous 
research in the areas related to that of the present study. 


The specific reasons for reviewing the research would be 
the following : 


(1) It provides a background for several conceptual and 
functional details; 


(2) reveals the gaps in the area and helps to specify the 
Scope of the study; 

(3) helps to justify the relevance of the problem; 

(4) enables the identification and definition of variables; 

(5) aids the formulation of hypothesis; 

(6) helps to programme the approach; 

(7) helps to select the suitable instruments; and 


(8) helps to develop the whole design of the problem at 
hand. 


In short, review of related research offers a better percep- 
tion of the gaps in knowledge and so provides an opportunity 
to plan the intended study more precisely and meaningfully. 

There appears to be two ways of reviewing the research : 

(1) Impressionistic approach; and 

(2) Scientific approach. 


In an impressionistic approach, the investigator reads 
through the various findings and reaches a series of impression- 
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istic conclusions. In a scientific approach, the researcher 
applies precise analytic procedures to scan the studies, finds the 
gaps in previous research, and designs a study to bridge the 
gaps. The present researcher was continuously aware of the 
values of both approaches and has been careful to capitalise on 
them as per need. 


As indicated earlier in section 1.2.4., Ausubel strategy in 
this study involves deductive expository method preceded by an 
advance organizer, and Bruner strategy consists of inductive- 
discovery method using examples and non-examples followed 
by analysis of concept attainment strategies. 


1 The review, therefore, includes studies оп inductive-deduc- 
tive as well as expository-discovery methods. A few studies 
Involving cognitive style variable have also been given. The 
Past studies on Ausubel's model are mainly those which test the 
facilitating effect of advance organizer on learning and reten- 
tion. The studies on Bruner's model, on the other hand, concen- 
trate on finding optimum number of examples-nonexamples or 
exemplification moves for the attainment of concepts. Only 
those studies which seemed to have some relevance to the 
Present problem have been reviewed. 

Ausubel and 
udies involving. 
however, 


A search forthe study directly comparing 
Bruner models in toto didjnot succeed. A few st 
Some important facets of these two models were, 
available on record and have been reviewed. 


Bap, Classification of Studies 


In order to provide some semblance of organization, the 


Studies have been classified as follows : 


(а) Expository-Discovery Studies in laboratory condi- 


tions; 
(b) Expository-Discovery Studi 
(c) The studies involving cognitive style dimension; 
(d) The studies involving 'Advance Organizers’; 
(e) The studies involving exemplars-nonexamplars; aad 
(7) Expository. Discovery studies involving some elements. 
of Ausubel and Bruner models. 


es in class-room situations; 
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The classification, however, is not mutually exclusive and 
there may be some amount of overlapping in different cate- 
gories. 


2.2.0. Expository-Discovery Studies in 
Laboratory Conditions 


Gagne and Brown (1961) conducted an experiment оп sum- 
‘mation of series tasks. Thirty-three male students of ninth and 
tenth grades were involved in the study. Three treatments— 
ule-example, discovery, and guided discovery— were employed. 
The principles were ігагпей by the subjects on one day and 
learning process was repeated again the next day in order to 
ensure that successful learning has occurred. Their results 
showed the best performance for the guided discovery group, 
the worst performance for the rule-example group and inter- 
mediate performance for the discovery group. 


Wittrock (1963) studied discovery learning with an experi- 


"ment on deciphering sentences using four types of groups. The 
groups were : 


(1) Rule given-Answer given (Rg-Ag); 

(2) Rule given-Answer not given (R g-Ang); 

(3) Rule not given-Answer given (Rng-Ag); and 
(4) Rule not given-Answer not given (Rng-Ang). 


It was found that the groups which were given the rule deco- 
ded more sentences than the groups which were not given the 
tule. When the rule was not given, giving the answer enbanced 
learning. The Rng-Ang showed a higher retention score than 
learning score while the other groups showed lower retention 
Score than learning scores. Similar results were obtained by 
Haslerud and Meyers (1958) and Kersh (1958). 


, Guthrie (1957) used a coding task and example only, exam- 
ple rule, rule example and control group of subjects. On 
retention measure he found no differences between the perfor- 
mance of the three experimental groups although each was 
“significantly superior to the control group. On a near transfer 
task involving the application of the similar types of rules the 
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exampie-only and example-rule groups were superior to the 
Tule-example and control groups. On a remote transfer task 
involving the application of different types of rules the example- 
only group was superior to all other groups. 


Е Hershfeld (1975) examined the influence of different 
instructional treatments on learning, retention and transfer of 
numericalseries. The treatments included a no-information 
treatment, a general rule treatment that provided information 
about rules relating entire classes of series and a specific 
instant treatment that provided information specific to the 
relationships within each individual series. The specific instant 
treatment group recalled more series than either of the other 
two groups. 

22.1. An Overview of Laboratory Studies 

It is difficult to draw any conclusion about the efficacy of 
expository and discovery methods for learning, retention and 
transfer from these studies. 

Gagne and Brown (1961) reported discovery treatment to be 
Superior to expository treatment for learning the task whereas 
Hershfeld (1975), Wittrock (1963), Haslerud and Meyers (1958) 
and Kersh (1958) showed the superiority of expository treatment 
Over discovery treatment for the purpose. 


For retention, Wittrock (1963), Haslerud and Meyers (1958) 

ana Kersh (1958) found discovery method to be superior but 
in Guthrie’s (1967) study these two methods were judged to be 
equally effective. 
Guthrie (1967) showed that discovery 
treatment was more effective than expository for near transfer, 
Whereas for remote transfer giving an example only proved to 
be better than giving a rule before or after the example. 

The evidence, therefore, is inconclusive. 


In case of transfer, 


2.3.0. Expository-Discovery Studies іп 
Classroom Situations A 
Cummins (1960) used discovery approach to teach first 
Quarter calculus to freshmen. He designed two tests for the 
experiment. Test one was for discovery group and test A was 
for traditionally taught group. The scores on test one for the 
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discovery group were found to be significantly higher than the 
scores for the traditional group. No significant difference was 
found in the scores on test A. The results, thus, showed that 


discovery trained students would do better on a discovery typ& 
test, 


In addition to a discovery learning group and a didactically 
taught control group, Price (1967) included in his study a group 
of subjects who learned mathematical concepts and principles 
by discovery and then made use of other materials which were 
especially designed to aid in transfer of mathematical thinking 
to problems of the real world. Students in this latter discovery 
transfer group showed significant gains on the Watson-Glaser 
test of critical thinking but discovery and control group did 
not. The investigator concluded that systematic experience 
beyond discovery seemed needed if gains in critical thinking 
were to be achieved. 


Francis (1975) investigated the effects of learning by dis 
covery and verbal reception learning on forty-eight students 
from three different grade levels (Grades 1, 3 and 6) for simple 
and complex concept learning tasks. The results indicated that 
discovery subjects took significantly longer than verbal receptio® 
learning subjects to reach the original learning criterion. On а! 
measures of retention and transfer for both simple and comple* 
tasks and for subjects at each grade level, those learning bY 
verbal reception method were superior to those who learned bY 
discovery. Francis noted that the sample of subjects was (акеп 
from schools in which the expository method was the basic 
method of instruction. The superiority of the verbal receptio? 
method might have been due to prior familiarity with that 
method and the lack of prior discovery experience. 


In Cantor's (1982) study, seventy-two Kindergarteners parti- 
cipated in an instructional session involving — receptio: 
discovery and control conditions. Two immediate and tw? 
three-week delayed criterion tests on simple probability events 
were administered to all the three groups. Analysis of th? 
results did not show superiority of discovery learning over the 
reception learning. In the case of both the reception аП 
discovery groups prediction performance on the two criterio? 
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tests, identical in type to the instructional tasks, was consis- 
tently superior to that on the two criterion tests differing in 
type from the training task. Significant instructional condition 
effect occurred predominantly, though not exclusively, in the 
criterion tests identical in type to the learning task. The study, 
thus, indicated that both reception and discovery learning were 
equally effective with regard to performance on the tasks simi- 
lar to the training task and equally ineffective for the perfor- 
mance on the tasks differing from the training task. 


Tate (1978) compared the effectiveness of three instructio- 
nal strategies : lecture demonstration, lecture laboratory and 
mediated. Тһе sample (N=86) consisted of four intact classes 


of junior college, three taught by the three experimental stra- 
1 group. All classes 


tegies and the fourth served as a contro 
Were taught identical content, the metric system, by the resear- 
Cher himself. Analysis of variance of the data showed that 
the three strategies were equally effective for teaching the 


Metric system. 


Jolly (1978) studied the effect of laboratory approach on 
teaching the concepts of perimeter, area and volume to seventh 
rade students. Four existing classes were selected and treat- 
Ment assigned to them randomly. Two classes studied the 
concepts in mathematics laboratory using manipulative aids 
and investigator developed mimeograph material. Two classes 
constituted control groups and studied the same concepts in а 
traditional lecture discussion?method. All data for the study 
Were collected by using investigator developed instruments 
Which served as both the pretest and post test. Analysis of 
Covariance indicated that laboratory approach was as effective 
às lecture discussion method for teaching the concepts to 


average seventh grade students. 


Putt (1979) explored the efficacy of two instructional 
Methods for problem solving. One method followed an instruc- 
tional model based upon Gagne’s information processing view 
апа Polya's stages of problem solving. Heuristic strategies for 
Solving process problems were taught by this method. A second 
Method also gave students experience in solving process prob- 
lems, without teaching heuristic strategies. The two experi- 
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mental classes of fifth graders received eight instructional 
Sessions of forty-five minutes’ duration over a period of four 
weeks. Tentative conclusions based on this exploratory study 
жеге: (а) either method of instruction promotes increased prob- 
lem solving performance and improved attitude towards prob- 
lem solving and (5) the method of teaching heuristic strategies 
promotes desirable behaviour related to problem solving. 


Gupta (1979) evaluated the effectiveness of analytic-syn- 
thetic and traditional (Narration-Explanation) methods for 


y and criterion tests were 
researcher himself. Analytic-Synthetic 


be superior to Narration- Explanation 
method for overall achievement by ninth grade students, The 


two methods were found equally effective for the overall 
achievement of eighth grade students, The two methods were 
also found equally effective for the attainment of. knowledge; 
comprehension, application and skill by eighth grad$ students 
and for the application objective by ninth grade students. 


developed by the 
method was found to 


group was told еуегу four problems 
incorrect, group was told one of th€ 
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Miyan (1982) studied the effects of guided-discovery, tell 
and do and pure discovery on the development of creativity of 
the students. He found that there were no significant diffe- 
rences in favour of any of these methods with respect to mathe- 
matical creativity; development of fluency and flexibility, 
covergent and divergent thinking. But guided discovery group 
was superior with respect to enhancement of originality than 
the other two groups. This study involved different types of 
criterion variables such as piagetian tasks, logical reasoning, 
creativity and achievement in а particular subject. Therefore 
it was very difficult for the researcher to synthesize the results. 
There seemed to be theoretical rationale for selecting the crite- 
rion variables for testing the efficacy of expository and dis- 
covery methods of teaching mathematics. 


ң Worthen (1968) conducted а study of discovery and expo- 
Sitory presentations for teaching mathematical concepts. 432 
students of fifth and sixth grade from sixteen classes in eight 
elementary schools were involved in the study for an instruc- 
tional period of six weeks. Prior knowledge of students was: 
controlled by imperting pre-treatment instruction in pre- 
requisite mathematical concepts for a period of two months. 
Each teacher was thoroughly trained and was required to teach 
by each method which increased the extent of experimental 
control. Amount of verbalization in the teacher’s presentation 
was controlled. The degree to which teachers adhered to the 
Prescribed teaching methods in each treatment was assessed 
by a questionnaire administered to pupils and observer’s rating 
Scale rated by trained observers. All criterion tests were 
designed by the researcher and included both intellectual as 
Well as attitude measures. Results were analysed by using 2 
technique of analysis of covariance taking intelligence, arith- 
Metic computation and arithmetic problem solving as constant 
Covariates in the analysis of each dependent variable. Pretest 
Scores were used as additional covariates in analysis of the post. 
test of each instrument administered in both the pre-and post- 
test series. Post-test scores ОП concept knowledge test were 
used as additional covariates in the analysis of the concept 
retention and concept transfer tests. The analysis showed that 
expository learning group Was superior to discovery learning 
group on concept knowledge test administered immediately 
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after instructional period; but on retention tests given after 
five and eleven weeks discovery group was [found to ; be 
superior to expository group. There were no significant diffe- 
гепсев between the scores ofthe two groups on transfer test 
and attitude scales. However, discovery group was found to be 
Superior on both oral and written heuristic transfer tests. 
Reanalysis of Worthen's data by Worthen and Collins (1971), 


however, suggested equal effectiveness ofthe two methods on 
all criterion measures. 


Olander and Robertson (1973) studied the effectiveness 
of discovery and expository methods in fourth grade mathe- 
Matics. 190 pupils were taught for thirty-one weeks through 
discovery approach while another 184 used ап expository 
approach. The thirteen teachers were rated ona scale measur- 
ing the degree to which each succeeded in using the method 
assigned. Results showed that subjects taught by expository 
method were significantly better іп computation and subjects 
taught by discovery method were significantly better in reten- 
tion of ability to apply mathematics. Subjects Scoring lower on 
the pretest on computation and application improved more 
under expository approach and those lower on concepts gained 
‘more under discovery approach. On principles and relation- 


‘ships the discovery Subjects gained at a greater ratio through- 
out the study, 


Loomer (1976) ex 
group heuristics and 
investigator taught two 
One semester, Іп small 


Plored the differential effects of small 
expository learning in calculus. The 
intact classes one by each method for 
group heuristic class students worked 


Concepts preceded formation. The 
ant giving suggestion for solving 
- Inthe expository class the teacher 
athematical knowledge. Forma- 


models. Each of the evaluation 
examined for its content validity 
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and reliability. Measurements were made both immediately 
after instruction and one month later. Standard analysis of 
‘covariance indicated that after instruction there were no signi- 
ficant differences between the two classes on overall calculus 
achievement or the calculus achievement at the computation- 
comprehension or applicability-analysis cognitive levels; on 
mathematical problem solving achievement; or on attitude 
toward mathematics or problem solving. One month later the 
‘evidence again indicated no significant differences between the 
two classes on any of the calculus achievement measures but 
indicated significant difference favouring the expository class 
‘on problem solving achievement. 


2.3.1, An Overview of Classroom Studies 


The studies vary greatly over the grade levels, subject 
matter, criterion measures, sample size, duration of experiment 
‘and the treatments. Grade level ranges from Kindergarten 
(Canter, 1982) to college freshmen (Cummins, 1960; Loomer, 
1976; Tate, 1978). Subject matter varies from simple concept 
learning tasks (Francis, 1975) to the concepts of calculus 
(Cummins, 1960; Loomer, 1976). Most of the studies have 
‘concentrated on knowledge and retention criterion (Loomer, 
1976; Olander and Robertson, 1973; Canter, 1982). The only 
study which uses multiple criterion of knowledge, transfer, 
Heuristic transfer, retention and also attitude is that of Wor- 
then (1968). Duration of treatment is longer as compared 
to those of laboratory experiments. Olander and Robertson 
(1973) experimented for thirty-one weeks and Gupta (1979) for 
eight months. 
studies regarding effectiveness of 
discovery and expository approaches for the teaching of 
Mathematics has been equivocal. Cantor (1982), Tate (1978), 
Jolly (1978), vutt (1979) and Loomer (1976) reported equal 
effectiveness of discovery and expository approaches on know- 


ledge criterion. Worthen (1968) and Olander and Robertson 


(1973), however, indicated superiority of expository method 
(1976) showed equal 


for the purpose. For retention, Loomer 
effects of expository and discovery methods; Francis (1975) 
indicated superiority of expository method whereas Worthen 


Evidence from these 
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(1968) and Olander and Robertson (1973) argued in favour of 
discovery method for the purpose. On the criterion of transfer 
Worthen (1968) obtained no Significant difference between 


expository and discovery treatments but Francis (1975) indicat- 
ed superiority of expository method for this purpose. 

Heuristic transfer арреагв to have been studied only by 
Worthen (1968). He Teported su 
On this criterion, Cummins (1 


necessary for gain in critical thinking, 
guided discovery, tell-and- 


equally effective for the dev 


but Mixan (1982) found 
do and discovery methods to be 


ward using intact classrooms (Jolly, 1978; Putt, 1979; 

1978; апа Worthen, 1968) than forming 

active group a fair 

Some studies (Putt, 

Adherence to pres- 

Iso been assessed in Some studies 

(Worthen, 1968; Olander and Robertson, 1973; Loomer, 
1976). 


treatment appeare 
1979; Loomer, 1976; 


2.4.0. The Studies Involving Cognitive Style Dimension 


Satterly (1979) 5 
intelligence and 


of cognitive Style (analytic-synthetic. 
field dependence-field іп > levelling-sharpening) and 
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ed that field independence shares a. small amount of variance 
with achievement after control for general ability. The findings 
provided some support for the independence of cognitive style 


from general intelligence. 


Robbinson and Gray (1974) found tha: for fifth grade 
children on mathematical concepts subtest of the Iowa test of 
basic skills, the inferential style was the most important predic- 
tor of performance among the three conceptual style preferen- 
ces. But on the mathematical problem subtest the analytic 
style was the most important predictor among the three 
conceptual style preferences. These researchers found a positive 
correlation between intelligence and each conceptual style 
preferences. Even after the effect of verbal and non-verbal 
intelligence were partialled out, there was significant correlation 
between the mathematical problem subtest of the Iowa test of 
basic skills and an analytic conceptual style. However, the 
correlation between inferential style and school learning for 
girls was substantially reduced after variance attributed to 
verbal and non-verbal intelligence was removed from school 
learning variables. The findings of this study indicated that 
additional variance was accounted for by cognitive style 
Measure beyond that of verbal and non-verbal intelligence in 


relation to school learning. 


Barbara (1973) designed two studies to investigate the 
effects of analytic-global and reflectivity-impulsivity cognitive 
styles on the acquisition of geometric concepts presented 
through emphasis or no emphasis and discovery and expository 
lessons. The choice of analytic-global and reflectivity- 
impulsivity cognitive styles was made because of their use in 
two operations—discriminating attributes and inferring the 
concepts—involved in concept attainment at the formal level. 
It was hypothesized that analytic subjects would be able to 
discriminate attributes better than global subjects and that 
the reflective subjects would be able to infer the concepts better 
than the impulsive subjects. For the first study, analytic global 
Seventh graders were identified by the hidden figure test. Then 


they studied an introductory lesson and a geometry lesson 


containing or not containing verbal emphasis during class 
A test was given оп the 


periods on two consecutive days. 
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second day after completion of the lesson. For the ша 
study, reflective and impulsive seventh Braders were on 
by the matched familiar figure test. Then they studie » 
introductory lesson and a geometry lesson presented radi 
discovery or €xpository mode during class periods on icis 
consecutive days. А test was given on the second day a te 
‘completion of the lesson. The results of the study I were : 


1. Analytic subjects Performed better than global 
subjects; 


2. Subjects Studying the emphasis lesson performed better 
than subjects studying the no-emphasis lesson; 

- These results were most evident on questions which 
assessed the discrimination of attributes; and 


4. Emphasis lesson did not benefit global subjects more 
than analytic Subjects. 


ы 


The results of the Study II were : 


l. Subjects studying expository lesson performed better 
than subjects Studying discovery lesson; 
2. This result was most 


evident on questions which 
assessed inference of the 


Concepts; and 
3, Expository lesson did not benefit i 
More than reflective Subjects, 


Threadgill (1977) investigated the 
analytic-globa] cognitive 
methods of instr 


relationship between 
Style апа didactic and discovery 
uction in mathematica] Concept attainment. He 
Ould learn better from а 
Uudents would learn better 


Dits were Completed in two 
taught was traversibility of 
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graphs. Analysis of covariance, using І.О. as covariate, 
revealed that on the mathematical concept attainment task : 


1. analytic students performed significantly better than 
global students; 

2. there was not significant difference between the relative 
effects of the two instructional methods; and 


3. there was no significant interaction between analytic 


global cognitive style and two methods of instruction. 


Horak (1978) investigated the effectiveness of inductive- 
deductive teaching methods and their interaction with cognitive 
style dimension of field-dependence field independence. The 
sample of the study was 118 pre-service elementary education 
teachers enrolled in the section of a mathematics course. The 
subject matter taught was а two-week unit of selected topics 
from transformation geometry. Deductive treatment followed a 
rule example paradigm while the inductive treatment followed 
an example-rule paradigm. In inductive treatment rules or 
principles were not stated. The criterion measure was an over- 
all [achievement test composed of knowledge, application, 
analysis and transfer subtests. On testing the main effect 
hypothesis by one way analysis of variance no significant 
differences (p. < .05) were found between the two treat- 
ment means оп the overall achievement test and the 
knowledge and application subtests. Significant differences 
favouring the inductive group Were found between the group 
means on the analysis and transfer tests. Мо significant 
interaction was indicated by linear regression analysis between 
the treatments and cognitive style when the criterion measures 
Were knowledge, application and analysis subtests. For the 
Criterion measure of overall achievement and transfer, however, 
the data indicated strong support for the existence of Aptitude 
Treatment Interaction. Inductive method was found to be 
better instructional procedure for the transfer of learning. 
McCormack and Skvarcius (1978) 
investipated relationship between field dependence-indepen- 
dence and expository VS- discovery learning. Treatments 
Were based on two levels of guidance crossed with two levels of 
abstraction. The topic was numerical system. The results 


McLeod, Carpenter, 
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-supported the hypothesis that field independent students would 
perform best when allowed to work independently whereas 


field dependent students would perform best when given extra 
guidance. 


McLeod апа Adams (1980) designed a further study to 
Search for Aptitude Treatment Interaction (ATI) between the 
two aptitude variables general reasoning and field independence 
and treatments that differed in both levels of guidance and the 
use of an inductive or deductive sequence of instruction. The 
treatmeat that provided a minimal level of guidance and used 
an inductive sequence was labelled the discovery treatment; 
the expository treatment Provided maximal guidance with a 
deductive sequence of instruction. Students from three 
Sections of a mathematics course for prospective elementary 
teachers participated in the study. Complete data were obtained 
from forty-seven subjects, twenty-four in the expository group 
and twenty-three in the discovery group. A twenty-item post 
test that covered all the concepts in the unit was used to 
measure retention. Fifteen minutes were allowed for the post- 
test and seven minutes for the retention test. The data were 
analysed using multiple regression technique. The ATI with 
general Teasoning occurred as Predicted on one of the two 
dependent variables. The expected ATI with field independence 
did not occur. 


2.41. 
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of guidance and field dependent-field independent cognitive 
style. In an earlier study McLeod ef dl. (1978) showed that 
field-independent performed best on working independently and 
field-dependent performed best on providing extra guidance. 


The studies оп analytic-global dimension of cognitive style 
seem to produce more consistent results. Barbara (1973) and 
Threadgill (1977) have reported superiority of analytic style 
for attainment of mathematical concepts. Robbinson and Gray 
(1974) have, however, indicated that inferential style was the 
better predictor of performance on mathematical concepts 
subtest of Iowa test of basic skills. 


2.5.0. The Studies Involving Advance Organizers 


Doyle (1981) conducted a study with a primary purpose to 
determine if an advance organizer could anchor a subsuming 
concept of function in the cognitive structure and a secondary 
purpose to determine if an anchored subsumer could facilitate 
learning, transfer and retention and would differentially benefit 
students of different abilities. Thirty-six sections of ninth grade 
remedial mathematics were matched by ability as measured by 
average performance on the first two mid-erms in the course 
and then randomly assigned to an advance organizer (AO) or 
control (C) group. While АО subjects studied the advance 
Organizer, C sections graphed a linear function y=—3x+1, 
—S<x<5 for increments of.5inx. The advance organizer 
Was a programmed concept learning device designed for sub- 
suming concept functions and their graphical representation. 
AO students significantly outperformed C students overall and 
at both the formal reasoning levels. Reasoning ability was 
found to be a significant correlate of performance on advance 
Organizer test. There was no evidence that the organizer diffe- 
rentially benefited students of different abilities. With certain 
limitations, it was concluded that : 


1. An advance organizer can anchor a formal level mathe- 
matical concept; 

2. Logical reasoning level is a significant correlate of 
ability to understand the organizer; 


48 Ausubel Vs. Bruner Model’ 


sy : а 
3. The anchored subsumer facilitates learning, transfer ап 
retention; and 


i i sfer. 
4. An advance organizer can help in teaching for transfe: 


Goodman (1977) studied the effects of Advance pen 
and Generative Processing Cues on the learning of selec 


mathematical concepts. The four treatments in this study 
меге: 


" € " 1, 

1. Advance Organizer consisting of material more general, 
abstract and inclusive than the learning material; 

2. An example of a Problem that can be solved pee 
Strategies and instruction to write summaries for ea 
learning section (generative Processing cues); 

3. A combination of the first two; and 


4. A historical passage. 


196 ninth and te: 
Subjects. The content w 


Zakkour (1977 
Which students 


Study those Students with 
material and to ensure rel 
Sample consisted of eighty. 
advance Organizer group 


Review of Research 49 


prior to actual presentation of matrices. During the last thirty 
minutes of the final day of treatment, the post organizer group 
received the post-organizer. A test for mastery of organizer 
was attached to both advance and post organizers. The experi- 
ment covered eight fifty-minute class sessions. А twenty-five 
item achievement test was administered during the ninth class 
Session and а twenty five-item retention test was administered 
three weeks later. Results of 3x2 factorial analysis of variance 
of the data revealed that : 


1. There were no significant differences in achievement 
and in retention test scores that could be attributed to 
an interaction between treatments and personality 
types; and 


2. Cognitive organizer did not provide any facilitating 
effect in the learning and retention of mathematics as 
was shown by the lack of significant differences among 
groups and between opposite preferences for each per- 
sonality dimension. 


Smith (1976) studied the effects of organizers and abstract 
Teasoning levels on learning and retention of post-secondary’ 
mathematics students. The sample consisted of 235 students: 
enrolled in freshmen level courses at Louisiana State University. 
Abstract reasoning level of each subject was determined by 
administering Abstract Reasoning Subtest of Differential Apti- 
tude Test, Subjects were randomly assigned to treatment cells. 


affected by an organizer or combination of organizers. On thp 
learning test a significant interaction of advance organizers an 
Post-organizers was reported and on retention test a significant 
main effect of advance organizer was reported. It was conclu- 
ded that above average students did not appear to be signi- 
ficantly affected by advance organizers but below average 
Students were significantly affected by the presence of advance 
Organizers. Advance organizers seemed to have effect on long. 
Tange retention. 
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А f 

Satterly and Telfer (1979) tested the hypothesis that ае 

an advance organizer would interact with field м ае me 

“cognitive style. More specially the hypothesis 7 ape 

performance in learning and retention. The results knee 

that the mean Score of pupils who had received pee 

"Organizers was not significantly different from the mea m s 

ofthose who had been tested without learning of z "ча 

organizer. Of greatest importance was the significantly T im 
gain of field dependent pupils under ‘advance organizer an 


nizer 
Specific reference’ treatment over those under po orga 
treatment. 


the other. Allen (1969), Ausubel (1960, 1978), Ausubel Ны 
Youssef (1963), Ausubel, er al., (1968), Cohen (1977), ae 
and Wells (1967) have Suggested positive effects of advanc 
Organizer on learning and retention. Barren (1971), Beuman 
Glass and Harrington (1969), Feller (1973) did not rie 
Ausubel’s theory. It should, however, be noted that only on 


а 
‘study—that of Scandura and Wells (1967)—among these use 
mathematica] content, 


2.5.1. An Overview of Ausubelian Studies 

On the basis of studies Teviewe 
Seneral agreement On the faci 
Organizer on learning and retenti 
Doyle (1981) Showed that Ady 


d, there does not seem to be 
litating effect of Advance 
9n of mathematical concepts. 
ance Organizer could anchor 


Advance Organizer did not produce facilitating effect on the 
learning of mathematics, 
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net no interaction of advance organizer treatment 

er mt type but Satterly and Telfer (1979) concluded 

lalexsd ependent gained significantly higher than field 
pendent on Advance Organizer treatment. 


2.6. i 
0. The Studies Involving Exemplars-Non-Exemplars 


min eee studied the effect of variety aud repli- 
learning at ncept instances and pairing of examples on the 
tional strat Srometrieconcep® through the use of four instruo- 
sito on €: wide variety-paired (four different rational 
Pus ept instances, examples and non-examples presented 
Sets of а gehe, wide variety single (four different rational 
tow ан. instances, each instance presented isingly), 
repeated th y-paired (one rational set of concept instances 
есй ree times, examples and non-examples presented as 
concent ae and narrow variety-single (one rational set of 
singly) Ў апсеѕ repeated three times, each instance presented 
variety " esults indicated that subjects who received wide 
А concept instances performed significantly better on 
E e ie test than those who received a narrow repeated 
ee ae of whether instances were presented singly or 
төлей ied pairs. Presentation of instances as matched pairs 
M. significantly fewer Loquere errors on the 
Wide oe test than presentation of instances singly for the 
t ove riety condition only. There was no significant - difference 
Жаға еггогв between those subjects who 
5а а narrow variety single instance presentation and those 
eceived a. narrow variety matched pair presentation. 


d the effect of two external con- 


Feldman (1975) investigate 
dren. The external con- 


diti E н 
м on learning of principles by chil 
Ons were instruction on the major concepts related in the 


Sonne and the number of teaching examples and teaching 
ET aie шы of the principle presented with a statement of the 
and ciple. Subjects were 159 fifth grade students of average ability 
we status. Two principles from each of two 
20 Хақ matters (mathematics and language arts) served as the 
d ofthelearning tasks. Mastery of the principles was 
dup Med by tests designed to assess subjects’ knowledge of and 

y to apply the principles. In general, a rationally selected 
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cili- 
set of examples and non-examples was found to Ree d 
tative than one example. Main effects for instruction c 
cepts related to the principles were not found to be signi 


Charles (1978) designed a study to explore the feasibly с, 
training per-service elementary teachers to use een of 
prompting moves in teaching the mathematical conc pee 
bilateral and rotational symmetry and to determine the san 
of using the instructional moves on mathematical io E 
acquisition. Ап instancing move referred to the use 
example or a non-example. 


r 
А prompting move referred to а statement by a teachi 
where the main objective was to draw attention to a releva s 
an irrelevant attribute of a concept. Prior to the teac zi 
session, eighteen teachers from mathematics method pne 
were randomly divided into two groups: trained and con ing 
Each group of nine teachers participated in the we» 
Session. Each lesson for each teacher was videotaped, i 
audiotaped and observed. Ап analysis of the қара?” 
audiotapes and observational data provided scores for kr 
number of instancing and prompting moves used for instructi 3 
and a score for the clarity of presentation. Pre-tests and ж 
tests were administered to the pupils (second grade). Follow! 
were the major findings of the study : 


1. For teaching at least the mathematical concepts of a 
lateral and Totational Symmetry pre-service elementa 2 
teachers can be trained to give more emphasis to non 
examples and to Prompt the attributes of the concept; 


ноп 
2. The use of non-examples may facilitate the acquisit! 


of certain mathematical Concepts; and 


EA 
3. The number of Prompting moves used when pegs A 
concept may be relatively objective measure of 
clarity of teacher’s presentation. 


LA 
Stiff (1978) investigated the relationship between students | 
Pre-instructional knowledge and students’ level of em 
attainment after exposure to Pure characterization and Let 4 
exemplification teaching Strategies. The content was restrict 
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to one contrived conjunctive algebraic concept ‘mat’. Pure 
characterization strategy of one, four and seven moves and pure 
exemplification strategy of one, four and seven moves were 
employed to teach the concept. The amount of information 
that students know about the contrived concept (relevant 
knowledge) was manipulated through jnstruction on subordinate 
‘concepts. Students were randomly assigned to one of eighteen 
treatment booklets. Treatment booklets also contained 
criterion measures, The experiment involved 326 juniors and 
seniors from two suburban high schools enrolled in senior level 
advanced mathematics course and consumed one fifty-minute 
class period in which students received treatment booklets, 
read the relevant knowledge instruction, received the instruction 
on the {concept mat and completed the criterion test. The 
analysis of criterion measures showed that exemplification 
Moves were more beneficial to students with low relevant 
knowledge and characterization moves were more effective for 
students with high relevant knowledge. As the number of 
Moves increased from two to four to seven moves no increase 


in the test performance of subjects was found. 


Urbanski (1982) studied the relationship of students’ pre- 
knowledge and students’ attainment of а mathematical concept 
After limited exposure to that concept using а teaching strategy 
of exemplification moves. The content was restricted to а con- 
Junctive geometric concept—the Hamiltonian line. Sixty-nine 
juniors and seniors from two high schools enrolled in advanced 
Mathematics course were used as subjects. Students’ relevant 
knowledge was measured by an achievement test given after the 
Presentation of instructional material on subordinate concepts 
and three groups of low, median and high scores Were formed. 
Students from these three groups were randomly assigned 29 
exemplification strategies of zero, ome, sever and thirteen 
Moves. The study used three sequential days of class periods. 
Post-tests were administered on the third day. In general, it was 
found that as the amount of relevant knowledge increased 50 
didthe test performance. The number of moves factor contain 


ing the zero move, one move, seven moves and thirteen ae 
affected concept attainment significantly. It was also foun 
trategy to thirteen 


t s 
hat an increase from the seven moves $ 
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ў 1 nce 
moves strategy brings little, if any, increase of test performa 
оп а concept test across all levels of relevant know ledge. 


Benton (1977) investigated the relationship between an 
number of relevant attributes a concept possesses and the па 
ber of moves in а teaching strategy necessary to learn M 
Concept. The effects of varying the number and kind of ex Bá 
plification moves and sequencing in the presentation of —! 
was also investigated, A Sharacterization-exemplification-chara? 
terization (CEC) strategy was used to teach four a e 
concepts from mathematical theory of relations for prospec ET 
elementary teachers. For each concept the first treatment pé 
tained two examples, the second treatment contained d 
example and one non-example, the third treatment contain 
four examples and th 


н ts 
examples. In each of these treatments two attribute concep 


Gage (1977 
instances on th 
function of cogni 
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üsbafivai 

E e The concept attainment test was developed 
qi: ew = to assess attainment of concepts taught. A two- 
нефе at : variance was used to test the null hypothesis at 
анон ан о significance. The findings of the study indicated 
ferien Жад. positive and negative instances achieved 
неч d am than students using positive instances only. 
tic subject igh analytic subjects scored higher than low analy- 
Rien S, there was no significant difference between the 
antis ent of the two groups. There was no significant inter- 

n between cognitive style and treatment. 


ra period of three weeks, Sheel 
the field independent/field 
of positive and negative 
ts selected from introduc- 


Ae study conducted ove 
гаш interaction between 
зең cognitive style and the use 
tory cal s on the acquisition of concep ; rodu 
Since culus course. The analysis of covariance for the initial 
cally ment data and ihe retention. data revealed no statisti- 
Mes niega differences between the experimental group 

ing both positive and negative instances and the control 


group receiving all positive instances. It was also found that 
t superior to the field depen- 


de . ape s s T 
Cent subjects in initial achievement ог retention as hypothesized 
istically significant 


runerian Studies 
ade level, duration of experiment 
lude second grade pupils (Char- 


1 A. " 
es, 1978), fifth grade pupils (Feldman, 1975), junior and senior 


high school students (Stiff, 1978; Urbanski, 1982), first year 
ective elementary tea- 


с 
Ollege students (Саве, 1977) and prosp 
Duration of experiment 


Rn (Charles, 1978; Benton, 1977). 
nges from one class period (Stiff, 1978) to three weeks (Sheel, 


ie Content taught includes geometric concepts (McMarray, 
(Stir Charles, 1978; Urbanski, 1982), algebraic concepts 
(В » 1978; Gage, 1977) and concepts of introductory calculus. 

enton, 1977; Sheel, 1981). Conjunctive concepts appear to 
pp, PE choice (Stiff, 1978; Urbanski, 1982: Benton, 


2 
6.1. Ап Overview of В 


» e range widely on gt 
content. Grade levels inc 
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In general, studies reviewed appear to favour Bruner stra- 
tegy. Feldman (1975), Charles (1978) and Gage (1977) "E 
shown that presentation of both examples and ne 
was significantly more effective than presenting only xs 
on the acquisition of mathematical concepts. Sheel (1981), 


however, found no significant difference between two treat- 
ments, one of which was presentation of positive and negative 
instances and the other a control treatment in which only 
examples were presented. Benton (1977) found that presen- 
tation of four examples and a beginning with higher order con- 
сері was more effective than giving two examples and two p 
examples. Stiff (1978) and Urbanski (1982) have shown Ww 
exemplification could be more effective than characterization i 


inate concepts is given. Increasing 


concept attainment (Stiff, 1978; Urbanski, 
(1978) suggested that attribute: 


egative instances presentation 
‘was found to be insignificant with analyticity (Gage, 1977) an 
with field-independence (Sheel, 1981). - 


2.7.0. Expository- 


Discovery Studies Involving Some 
Elements 


of Ausubel and Bruner Models 


Grabber (1974 
evidence for eval 


ments of these 
‘chapter Teadings, guide 
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lysing the laboratory data. The culminating activity of each 
section was a discussion session wherein the teacher sought to 
guide a discovery (verbalisation) of the major ideas through 
‘socratic questioning. Total sample comprised 540 sopho- 
mores in twenty-six intact classrooms from four different high 
schools; each treatment being allotted to thirteen classrooms. 
The possibility of Hawthorne effect and many other potential 
sources of variables were controlled. Results were analysed by 
analysis of variance and covariance taking gain score Means as 
basic statistic. It was concluded that deductive expository and 
inductive discovery teaching strategies were not significantly 
different when desired outcome was an understanding of the 
ideas of science. However, when long-term retention was the 
criterion, the results indicated superiority of deductive exposi- 
tory method. 


Marine (1977) conducted an experimental study to compare 
example only vs. example and non-example strategies and 
inductive vs. deductive strategies of presenting concepts from 
Schoo) geometry. The four strategies Were : 


1. deductiue-expository, example only; 
2. deductive-expository, examples and non-examples; 
3. inductive discovery, example only; and 


4. inductive-discovery, examples and non-examples. 


The sample was chosen from seventh grade pupils. Eight 
geometry concepts were taught by programmed instruction. 
‘Concept identification and concept characterization were the 
Criterion variables. Results were analysed by analysis of vari- 
ance, No significant differences were found in the concept 
identification scores attributable to the example only/example 
and non-example treatment for group of concep", Iri 
polygon, median, adjacent angles and simple closed curves, bu 
Significant (p <.05) differences attributable to treatment А 
concept identification scores were found favouring the ШЕ 
only treatment over the example and non-example treatmen 5 


for the group of concepts : Congruent polygons, common Eus 
nal tangent, inscribed angle and rhombers. UR s e 
experimenter regarded chance as à still plausible explanation 
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tude of differences and relatively low K. R, 21 reliability (.60) 
of the criterion measures. 


was instructional sequence and logical reasoning ability vas 
controlled. The three types of instructional Sequences were : 
СА —concrete-abstract, SA—semi concrete-abstract апа AA— 
abstract-abstract, Seventy-four fourth graders were randomly 
assigned to one of the three instructional sequences. The 


ability to solve advanced dependent Subconcepts not taught 
Delayed measures of retention and 
transfer were administered ten days after the conclusion of the 
treatment. Three hypotheses were tested utilizing a multivariate 
analysis of Covariance. Each of the null hypotheses relative tO 
groups, treatments and their interac- 


2.7.1. Ап Overview of Ausubel Vs. Bruner Studies 
The studies геуіе 


bel or Bruner model. Grabber (1974) used advance organizer 


in deductive-expository treatment and also provided exposure 
to attributes of 


(1977) Study, deductive. 
„characterized Ausubel т 
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ы; aimed at resolving the conflict between Ausubel and 

runer, neither of his treatments followed the formats of their 
Ped As all the three studies no significant differences were 
mas : ween the treatments. Grabber (1974) found deductive 
NITE T strategy to be superior to inductive-discovery stra- 
ubi m i'i diii retention of concepts. . This may be attri- 
Pa uiae: of ‘Advance Organizer’ in the former treat- 
ганат rine (1977) found example only strategy superior to 
irse but iacu os strategy for identification of some con- 
ае = himseif expressed doubt about the validity of this 
the mid ing (1976) obtained no significant differences between 
ledge e treatments on all the three criterion measures : know- 
in " retention and heuristic transfer, but his treatments, as 

icated earlier, deviated from the formats of the two models. 


у was concepts in science. 
mathematical concepts 45 
th and fourth graders. 


" Content in Grabber's (1974) stud 
arine (1977) and King (1976) used 
Content but their subjects were seven 


respectively. 
2.8.0. Implications of Previous Research for the 
Present Study 


l. Laboratory studies investigating relative effectiveness of 
È pository and discovery methods used small samples, short 
ime-spans and artificial conditions. They produced conflict- 


in research evidence regarding efficacy of these methods for 
earning, transfer and retention of mathematical concepts. Since 
i done in classrooms, 


ge of mathematics is 
ependable evidence for classroom applicability could be 
Obtained through studies conducted wit 


Settings only. 


ed out in the past on this sub- 
methodological prob- 
he uses of the word 
се, therefore, could 
in а comparative 
s, formats of the 
ethods should be 


. 2. Classroom studies carri 
ject were fraught with conceptual issues, 
lems and semantic inconsistencies in t 
expository and discovery. Conclusive eviden 
not be produced from these studies. Hence, 
Study of expository and discovery approache 
two methods should be well defined, both m 
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given fair treatment and important variables should be con- 
trolled. 


3. Contribution of cognitive style to school learning has 
been observed in some studies. Studies exploring into the 
function of analytic-global dimension of cognitive style in learn- 
ing mathematics seemed to have produced more consistent 
results than those involving field dependence-independence 
dimension. This suggested further exploration of conceptual 
style preference with regard to its effect on acquisition of 
mathematical concepts. 


4. Although it has been claimed by the exponents of 
‘Advance Organizer Model’, the studies reviewed did not seem to 
have indisputably confirmed the effectiveness of this model for 
learning and retention of mathematical concepts. Logical 
reasoning level and mathematical ability have been shown to be 
important factors affecting learning of mathematics by advance 
organizer treatment. This indicated greater applicability of the 


model for teaching mathematical concepts to formal operatio- 
nal students. 


5. Although по investigator has employed full-fledged 
Bruner model as developed by Joyce and Weil, the studies con- 
centrating on various facets of this model indicated its effec- 
tiveness for the teaching of mathematical concepts. Further, 


testing of the model for teaching formal operational students 
seemed warranted. 


6. As indicated earlier, comparative studies involving some 
characteristics of Ausubel and Bruner models evidenced equal 
effectiveness for the teaching of mathematics. This, however, 
cannot be taken as full proof comparison between the two 
models since the results of piecemeal studies may not project 


the correct picture of the effectiveness of the models in their 
totality. 


7% Іп а comparative study of the models of teaching all the 
characteristics of the models should be brought into play and 


teacher's fidelity to the prescribed models should be measured 
by suitable instrument. 
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8. From the studies reviewed, there appeared to be greater 
tendency towards using intact classrooms and teacher made: 


instruments. 


. 9. In most of the studies knowledge and retention were the 
criteria employed. Studies involving multiple criterion measures. 
ought to be undertaken. 


2.9.0. Rationale for the Study 
The rational for undertaking this study is presented below : 


1. It is realized that the problem of discovery and expo- 
sitory approaches for the teaching of mathematical. 
concepts is still unsolved. Although Cronbach (1966) 
pointed out that “it is time to putaside the polemic 
question, Is teaching through discovery better than 
didactic teaching 2” Candor(1982) remarked that "the 
distinction between reception and discovery instruction 
is not one that psychologists appear willing to lay to 
rest”, This assertion is further substantiated by large 
number of studies that have been carried out on this. 


issue in recent years. The problem has sufficient 


pedagogical and theoretical importance and hence 


further attempt to resolve it seemed warranted. 


such as Wittrock (1966), Cronbach: 
(1966), Herman (1969", Gustafsson (1975) end Turni, 
et al. (1977) have pointed out a number of inade- 
quacies in previous research on this issue. Semantic 
inconsistencies in designating methods, unfair treatment 
to didactic group, methodological weaknesses, low 
technical quality, small samples, short time duration 
are the few to mention. Although increasing awareness 
about these deficiencies has been noticed and sporadic 
attempts to improve upon them have been observed in 
some of the recent studies, research evidence in this area 
is still inconclusive. One of the probable reasons for 
this state of affairs, according to the researcher, was а 
piecemeal approach adopted by researchers working in 
this field. An electic approach covering all important 
dimensions of expository and discovery presentations. 


2. Reviewers 
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was, therefore, expected to bring forth some new 
evidence in this area. 


. The models of teaching developed by Joyce and Weil 


a 


(1972) made adoption of such an electic approach 
possible. Advance Organizer Model of David Ausubel 
stood for the choicest representative of expository 
approach and Concept Attainment Model of Jerome 
Bruner fully represented discovery approach. More- 
over, since these models had well defined formats, 
direct comparison between them was expected to be 
relatively free from those impeding factors which 
vitiated previous research in this area. 


. Review of research revealed that there has not been any 


study [directly comparing effectiveness of these two 
models for the acquisition of mathematical concepts 
even though Weil and Joyce (1978) suggested that 
“Advance Organizer Model and Concept Attainment 
Model are (mainly) concerned with acquisition and 
retention of concepts". 


Research evidence with regard to efficacy of Advance 
Organizer Model is inconclusive : Barnes and Clauson 
(1975) concluded that ‘‘advance organizers as presently 
constructed generally do not facilitate learning". OD 
the other hand, Luiten, Ames and Ackerson (1980) 
indicated that “average advance organizer study shows 
a small but facilitative effect on learning and retention.” 


Present study hopes to throw further light on this 
contrasting evidence. 


Although studies reviewed generally favoured Brunet 
model, Sheel (1981) remarked that, ‘“‘...furtber 
Tesearch is needed to assess the impact of this (Brunet) 
Strategy on student learning of concepts in the class 
room environment". Present study ventures to satisfy 
this need to some extent. 


7. There have been some efforts in India to train teachers 


forusing these models in their day-to-day teaching. 
The Department of Education, Devy Ahilya Vidyapeeth, 
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Indore, recently (1982-83) conducted a series of training 
programmes for this purpose. Іп this context the 
researcher felt that these models be tested in Indian 
conditions before they are recommended to classroom 
teachers. 


8. Cronbach and Snow (1977) state that aptitude treat- 
ment interactions do exist and that whereas no inter- 
actions have been confirmed wellenough to be used as 
guides in making decisions about instruction, much 
has been learned. McLeod, et al. (1978) investigated 
relationship between field dependence/independence 
and expository versus discovery learning and showed 
that field independent perform best on working inde- 
pendently and field dependent perform best on provid- 
ingextra guidance. This evidence, however, was not 
supported by the follow-up studies by McLeod and 
Adams (1979), Adams and McLeod (1979), and 
McLeod and Adams (1980) Exploration of some 
other dimension of cognitive style to study its differen- 
tial effect was, therefore, thought necessary. Thread- 
gill’s (1977) investigation of the relationship between 
analytic-global cognitive style and didactic versus 
discovery method of instruction provided a thread. for 
further exploration of this dimension of cognitive 
style. In the present study, therefore, conceptual style 
preference was chosen as а dimension of cognitive 
style to study the differential effect of categorical, 
descriptive and relational mode of conceptualization 
on the acquisition of mathematical concepts under the 
two strategies. 


2.10.0. Hypotheses 

On the basis of the review ОҒ research, following hypothe- 
Ses, pertinent to objectives stated in section 1.7.0, were 
formulated for being tested in the present study. For the con- 
Venience of subjecting them to statistical tests, the hypotheses | 
have been stated in the null form. 

To save space, following codes have been used in the 
Statements of hypotheses and further in the analyses of data in 
Chapter IV., 
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The group taught by Ausubel Strategy : A 

The group taught by Bruner Strategy : B 

The Control group taught by Traditional Strategy : (е; 

Categorical Style subgroup of A Ac 
Descriptive Style subgroup of A Ad 
Relational Style subgroup of A Ar 
Categorical Style subgroup of B Bc 
Descriptive Style subgroup of B Bd 
Relational Style subgroup of B Br 
Categorical Style subgroup of B Сс 
Descriptive Style subgroup of C са 
Relational Style subgroup of C Cr 
Concept Knowledge Test CKT 
Concept Transfer Test СТТ 
Heuristic Transfer Test HTT 
Short-term Retention Test SRT 
Long-term Retention Test LRT 


Hypotheses Pertaining To Objective I 


L1. ТһегеНв no significant difference between the meam 
performance of А and C on СКТ. 


L2. There is no significant difference between the mean 
performance of A and C on CTT. 


L3. Thereis no significant difference between the mea? 
^ performance of A and C on HTT. 


L4. There is no significant difference between the mea? 
performance of A and C on SRT. 


L5. There is no significant difference between the mea? 
performance of A and C on LRT. 
Hypotheses Pertaining To Objective II 


ПЛ. There is no significant difference between the mea? 
performance of B and C on CKT. 


IL2. There is no Significant difference between the шой, 
performance of В and С оп СТТ. 
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П.3. 


П.4. 


П.5, 


There is no significant difference between the mean 
performance of B and C on HTT. 


There is no significant difference between the mean per- 
formance of B and C on SRT. 


There is no significant difference between the mean 
performance of B and C on LRT. 


Hypotheses Pertaining to Objective III 


IIr.1. 


Irr.2, 


Ш.3. 


Ш.4, 


Ш.5. 


There is no significant difference between the mean 
performance of A and B on CKT. 


There is no significant difference between the mean 
performance of A and B on CTT. 

There is no significant difference between the mean per- 
formance of A and B on HTT. 

There is no significant difference between the mean 
performance of A and B on SRT. 

There is no significant difference between the mean 
performance of A and B on LRT. 


Hypotheses Pertaining to Objective і 


Lc.1. 


40,2, 


і.с.3, 


i.c.4, 


There is no significant differenee between the mean 
performance of Ac and Сс on СКТ. 


There is no significant difference between the mean per- 
formance of Ac and Сс on CTT. 

There is no significant difference between the mean 
performance of Ac and Cc on HTT. 

There is no significant difference between the mean 
performance of Ac and Cc on SRT. 

There is no significant difference between the mean 
performance of Ac and Cc on LRT. 

There is no significant difference between the mean рег- 
formance of Ad and Cd on CKT. 


. There is no significant difference between the mean 


performance of Ad and Cd on CTT. 


%6 
1.43. 


1.4.4. 


1.4.5. 


ir.. 


ir. 


ir.3. 


ü.r.4. 


ir.5. 
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There is no significant difference between the mean 


performance of Ad and Cd on HTT. 


There is no significant difference between 
performance of Ad and Cd on SRT. 


the 


mean 


There is no significant difference between the mean per- 


formance of Ad and Cd on LRT. 


There is no significant difference between 
performance of Ar and Cr on CKT. 


There is no significant difference between 
performance of Ar and Cr on CTT. 
There is no significant difference between 
performance of Ar and Cr on HTT. 
There is no significant difference between 
performance of Ar and Cr on SRT. 
There is no. significant difference between 
performance of Ar and Cr on LRT. 


‘Hypotheses Pertaining to Objective ii 


Жел. 


Яі.с.2. 


Й.с.3. 


li.c.4, 


Ài.c.5, 


шал. 


ii.d.2. 


di.d.3. 


There is no Significant difference between 
Performance of Bc and Cc on CKT. 


There is no Significant difference between 
Performance of Bc and Cc on CTT. 


There is no Significant difference between 
performance of Bc and Cc on HTT. 


There is no significant difference between 
Performance of Bc and Cc on SRT. 


There is no Significant difference between 
Performance of Bc and Cc on CRT. 


„There is no significant difference between 
Performance of Bd and Cd on CKT. 


There is no significant difference between 


' Performance of Bd and Cd on CTT. 


There is no Significant difference between 
performance of Bd and Cd on HTT. 


the 


the 


the 


the 


the 


the 


the 


the 


the 


the 


the 


mean 
mean 
mean 
mean 


mean 


mean 


mean 


mean 


mean 


mean 


mean 


mean 


mean 
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ii.d.4. 


ii.d.5. 


dir. 


ii.r2, 


There is no significant difference between the mean 
performance of Bd and Cd on SRT. j 
There is no significant difference between the mean 
performance of Bd and Cd on LRT. 

There is no significant difference between the mean 
performance of Br and Cr on CKT. 

There is no significant difference between the mean 
performance of Br and Cr on CTT. 


iLr.3. There is no significant difference between the mean 


ii.r.4, 


ii.r.5, 


performance of Br and Cr on HTT. 
There is no significant difference between the mean 
performance of Br and Cr on SRT. 
There is no significant difference between the mean 
performance of Br and Cr ori LRT. 


Hypotheses Pertaining to Objective iii 


lii.c.]. 
lii.c.2. 
lii.c.3, 
iii.c.4, 
lii.c,5. 
lii.d.]. 
Ш.42. 
lii.q.3, 


lii.d,4, 


There is no significant difference between the mean 


performance of Ac and Bc on CKT. 

There is no significant difference between 
performance of Ac and Bc on CTT. 

There is no significant difference between 
performance of Ac and Bc on HTT. 

There is no significant difference between 
performance of Ac and Bc on SRT. 

There is no significant difference between the 
performance of Ac and Bc on LRT. 

There is no significant difference between the mean 
performance of Ad and Bd on CKT. 

There is no significant difference between the mean 
performance of Ad and Bd on СТТ 

There is no significant difference between 
performance of Ad and Bd on HTT. 

There is no significant difference between the mean 
performance of Ad and Bd on SRT. 


the mean 


the mean 


the mean 


mean 


the mean 
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iíi.d.5. 


iii.r.1l. 


iii.r.2. 


ili,r.3. 


iii.r.4. 


iii.r.5. 
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Thereis no significant difference between the mean 
performance of Ad and Bd on LRT. 
There is no significant difference between the mean 
performance of Ar and Br on CKT. 
Thereis no significant difference between the mean 
performance of Ar and Br on CTT. 
There is no significant difference between the mean 
performance of Ar and Br on HTT. 
There is no significant difference between the mean 
performance of Ar and Br on SRT. 


There is no significant difference between the mean 
Performance of Ar and Br on LRT. 


CHAPTER Ш 


Design and Procedure 


D————————————— 


3.0.0. Prologue 


_ Theoretical aspects considered in the first chapter and empi- 
rical evidence presented in the second chapter led to formula- 
tion of hypotheses. The third chapter is devoted to describing 
the research design that was planned and executed to test these 
hypotheses. 

Kerlinger (1973, р. 300) defined research design as "'the 
plan, structure, and strategy of investigation conceived so as to 
control variance." The 


obtain answers to research questions and 
plan includes an outline of what the investigator {уі do from 


writing the hypotheses to the final analysis of the data. The 
Structure refers to scheme of the operation of variables. The 
Strategy implies how the research objectives will be reached. By 
constructing an efficient research design the investigator 


attempts : 
(1) to maximize the variance of the variables of his sub- 
stantive research hypotheses; 


(2) to control the variance of extraneous variables that may 


have effect on experimental outcomes; and 


(3) to minimize the error variance. 


Shulman (1970, p. 63) suggested a scheme for examining the 
variables which should be considered in formulating propositions 
about the best form of instruction, particularly when the practi- 
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tioner is confronted with a contrasting array of positions. The 
scheme is depicted in Figure 3.1. 


1 TYPE OF SUBJECT 
MATTER 


2 ТҮРЕ OF INSTRUCTION 


4 OBJECTIVES 
OF INSTRUCTION 


6. ENTERING 
CHARACTERISTIC: 
OF LEARNERS 


3 AMOUNT ОҒ 
INSTRUCTIONAL TYPE 
AND PLACE IN 
INSTRUCTIONAL 
SEQUENCE 


Examples of each kind of variables 

1. Mathematics, foreign language, social Studies (subject matter 
defined in task terms). 

2. Expository-discovery (degree of guidance); inductive-deductive. 

3. Number of minutes ог hours of instruction; position in (sequence 
of instructional type. 
Products; Processes; attitudes; self-perception. 

5. Prior knowledge; aptitude; cognitive style; values. 


Fig. 31. Shulman Scheme for Examining the Variables. 


ment of educational objectives, the choice of variables for this 
Study was done according to the Shulman scheme. The type of 
subject matter was Mathematics. Type of instructions were 
Ausubel Strategy and Bruner Strategy. These two strategies 
included deductive expository and inductive discovery type of 


of instruction was Product centred, that is, acquisition of 
mathematical concepts, Entering characteristics of learners were 
Previous knowledge, intelligence and cognitive style. 


3.1.0. Experimental Variables 


The variables chosen as per Shulman scheme were classified 
in the notation of experimental research. Operational definitions 
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wi > à 
ere generated for these experimental variables in order to add 
Precision and avoid ambiguity. 


8. 

14. Independent Variables 

‘ee The independent variables in the present study were Ausubel 
f ategy, Bruner Strategy and Traditional Strategy in the form 

ОГ control treatment. 


That strategy in which the teacher 


(1) begins his lesson by presenting an Advance Organizer; 


(2) gives formal definition of the concept; 
(3) illustrates the concept by examples; 
concept in their cognitive: 


(4) helps students assimilate the 
advance organizer; 


structure by relating it to the 
(5) acts as primary source of knowledge; and 
(6) retains control of the whole situation 


w « қ 
as termed ‘Ausubel Strategy - 


That strategy in which the teacher 

(1) begins his lesson by presenting positive an 
examples of the concept; 

(2) asks students to identify t 
exemplars and non-exemplars; 

(3) elicits formal definition of the concept from the 
students; 

(4) makes students analyse 
Strategies; 

(5) poses not to be the primary sour 

(6) remains liberal, allowing student: 
hypotheses 

Was termed ‘Bruner Strategy’ 
That strategy in which the teacher 
(1) begins his lesson by writing down definit 
cept on chalk-board; 


d negative 


he concept by examining 


their concept attainment. 


ce of knowledge; and 
s to form their own 


jon of the con- 
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(2) explains the definition by suitable examples; 


(3) makes students commit the definition to memory by 
Several repetitions; 


(4) solves problems by mechanical application of definition; 
(5) claims to be the primary source of knowledge; and 
(6) behaves authoritatively 


was termed ‘Traditional Strategy’. 


3.1.2. Dependent Variables 


The dependent variables in the present study were know- 


ledge, transfer, heuristic transfer, short-term retention and 1008 
1 erm retention. 


Operationally, knowledge, transfer and heuristic transfer 
were defined as scores on Concept Knowledge Test, Concept 
Transfer Test and Heuristic Transfer Test respectively. Short- 
term retention and long-term retention were the scores 00 


Concept Retention Test I and Concept Retention Test 
respectively. 


3.1.3. Moderator Variable 


sable 
_ Conceptual style Preference was taken as moderator variabl 
in the present study, 


қ ; n 
Categorical style students were those who scored highest 0 
categorical response sub-test of the Cognitive Style Test. 
Descriptive st 


the 


A on 
yle students were those who scored highest 
descriptive response sub-test of the Cognitive Style Test. 


; ; on 
Relational style students were those who scored highest 
the relational response sub-test of the Cognitive Style Test- 


the 


3.1.4. Control Variables 


. го! 
Previous knowledge and intelligence were treated as cont 
variables in this study. 


x m 
ар. Previous knowledge was Operationally defined as a score 
Tevious Knowledge Test’ . 


Design and Procedure 73 


Intelligence was operationally defined as a score on Raven's 
Standard Progressive Matrices Sets А, В, C, D, E. 


3.20. Extraneous Variables and Their Control 

Campbell and Stanley (1965, P- 175) have classified extra- 
neous variables into two broad categories. Those that pose 
tbreat to internal validity include history, maturation, testing, 
instrumentation, selection, statistical regression and experimen- 
tal mortality; and those that pose threat to external validity 
include artificiality of experimental setting, interference of prior 
treatment, contamination and Hawthorne effect. One impor- 


tant consideration while controlling extraneous variable is to 


maintain reasonable balance between internal and external vali- 


dity of the experiment; for, if experimental controls are tight- 
ened to achieve internal validity, the more artificial and less 
realistic situation that may prevail reduces external validity oF 
generalizability of the study. In the present study, ап attempt 


has, therefore, been made to obtain a balance between the two. 


32.1. Controls for Internal Validity 


Following sources of extraneous variables Were controlled to 


achieve internal validity. 
History : In order to reduce the effect of history а control 
tudy and it was given the same 


group was set up in this S 
material, the same homework and the same care as experi- 


mental groups. 
Maturation : This was controlled by selecting experimental and 


nearly the same average age and giving 


control groups of 
exactly the same period of 


them experimental treatment for 
time (ten weeks). 


Selection Bias : This was prevented by random assignment of 
treatments to groups which were fairly comparable оп pre- 
vious achievement in mathematics and further employing 


statistical controls at the stage of analysis. 


‘Teacher Variability : АП the three groups were taught by resear- 


cher himself to eliminate possible loss of interval validity 
due to teacher variability. 
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Non-adherence to Prescribed Treatments : This is a formidable 
source of internal invalidity and was taken care of by 
assessing teacher fidelity to prescribed treatments on the 
basis of specially trained observer raters’ reports. 

Unstable Instrumentation : The retest reliabilities of all the 
instruments used in this study were established prior to the 
experiment to prevent loss оҒ internal validity due to un- 
stable instruments. 


922. Controls for External Validity 


Following sources of external invalidity were controlled in 
this experiment : 


Artificiality of Experimental Setting: In order to avoid this 
major threat to external validity the experiment was con- 
ducted in natural classroom setting. Controls employed 
to gain internal validity were such that they would not jeo- 
pardise the external validity of the experiment. 


Contamination : Since the researcher was not associated with 
any of the experimental Schools, contamination was out of 
question. 

Contamination between Students of Experimental Groups : This. 
was minimised by selecting experimental groups from diffe- 
rent schools. 

Howthorn Effect : According to Cook (1969, p.204), "The 
Howthorn effect is a phenomenon characterized by ап 
awareness on the part of the Subjects of special treatment 
created by artificial experimental conditions." This aware- 
ness becomes confounded with the independent variable 
under study and subsequently leads to ambiguous results. 
In order to avoid this effect classroom conditions were 
maintained as natural as possible during the experiment and 
it was conceived from the subjects whether they were assign- 
€d to experimental treatment or control treatment. 


3.3.0. Experimental Design 


Selection of experimental design is naturally based upon the 
Purposes of the experiment, the type of variables to be manipu- 


lated and the conditions or limiting factors under which it шау 
be conducted, 
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Since applicability of the results of this study to classroom 
teaching of mathematical concepts was one of the prime con- 
cerns to the researcher, the experiment was conducted in 
natural classroom setting. The essential condition of a true 
санга design, that of random selection of subjects to 
ic iamen er E ep was difficult to be met in а 
om experiment. The principals of the schools would 


not allow their classes to be reshuffled. Hence, “Тһе Non- 


equivalent Control Group Design" (Campbell and Stanley, 1963, 
iagrammati- 


р. 217) was chosen forthe study. The design is di 
cally presented in Figure 3.2. 


0; xi 0: 
0: Xe Os 
0s 0% 


Fig. 3.2. Diagrammatic Presentation of the Non-Equivalent 


Control Group Design 


indicates non- equivalence of 
row represents control group 
but a place in the form of 


Dashed line between the rows 
the groups. А blank in the third 
receiving no experimental treatment 
traditional treatment. 


The procedures for this design are the same as for pretest- 
post-test control group design except that intact groups rather 
than randomly assigned ones are used, creating à control prob- 
em in terms of selection bias. This problem mandates the use 
Si pretest measures to demonstrate initial equivalence of the 
intact groups on the dependent variable. 

e Analysis’ taking these pretest mea- 
Sures as covariates also serves the purpose. In addition, if the 
Broups selected are as similar 45 possible on pre-treatment 
Measures such as previous knowledge; intelligence, age and sex 
invalidity due to selection pias is further minimised. In the 
Present study selection bias due to age and sex Was controlled 
experimentally and that due to intelligence an 
ledge was controlled statistically. 


The use of 'Covarianc! 


d previous. know- 
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In respect of *Non-equivalent Control Group Design' Ker- 
linger (1973, p. 342) states: 


The fact must be faced that frequently in research it is 
extremely difficult or impossible to equate groups by random 
selection or random assignment or by matching. Resear- 
chers commonly take pains to establish equivalence by other 
means and to the extent they are successful in doing so, to 
this extent the design is valid. 

According to Campbell and Stanley (1963, p. 210), “Хоп- 
equivalent Control Group Design controls the main effects of 
history, maturation, testing, instrumentation, selection and 
mortality but fails to control internal invalidity due to regres- 
sion and external invalidity due to interaction between selection 
and maturity, testing and treatment, and selection and 
treatment." The present researcher considered this to be 
а reasonable balance between the controls for internal and 
external validity of the experiment involved in this study. 


The purpose of including moderator variable—Conceptual 
Style Preference—in this study was only to ascertain how it 
modifies the relationship between independent and dependent 
variables. This could be achieved by carrying out separate 
analyses of covariance for the subgroups of each of the three 
groups showing particular style preference. The study of 
interaction was kept beyond the purview of this study since the 
researcher visualised in advance the difficulties in arranging 
factorial experiment in classroom setting. 


3.4.0. Selection of Subjects 

Since pre-treatment measures of previous knowledge and 
intelligence were to be used as constant covariates in the analy- 
sis of all dependent measures, preliminary selection of treatment 
groups from intact classes was done on the basis of size of the 
Class, average age of students in the class and means and sta 
dard deviations of the marks in mathematics obtained by ud 
students in Secondary School Certificate Examination. Rando 
mization technique was used at all stages where it was possible. 


3.4.1. Selection of School Classes 


А3 ls 
The principals of all the eighteen Higher Secondary soo 
running eleventh class of science stream during the academ 
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session 1981-82 were coatacted and seven schools were ran- 
domly chosen from these to record data for the preliminary 
selection. Descriptive statistics of mean and standard deviation 
ofthe marks obtained by the students in each of these schools 
is presented in Table 3.1. 


On the basis of this data, schools 2, 3, 4 and 5 were provi- 
sionally selected since the classes in these schools were nearly 
similar in respect of size, average age, mean score and standard 
deviation of S.S.C. marks in mathematics. 


3.4.2. Allotment of Treatments 


Random assignment of treatments to classes was done as 
follows: 


The teachers of schools 2, 3, 4, 5 were designated by symbols 
P, Q, R, S and the three treatments Ausubel, Bruner and control 
by A, B, C respectively. Four sets of three slips each, bearing 
the letters A, B, C, were prepared. P, Q, R, S were requested to 
draw one slip from a set given to each of them. The outcomes 
were as given in Figure 3.3. 


pco, d. 
| 

AES Е 
A €E G А 


Fig. 3.3. Initial Outcomes in Random Assignments of 
Treatments to Classes. 


Since P and S both drew A, a coin was flipped and A was 
allotted to S who won the toss. Similarly, C was allotted to R 
by toss. B was to be allotted either to P or Q who lost the first 
toss. Finally, it was allotted to Q who won the second toss. The 
school classes of Q, R and S, thus, became treatment groups 
for Bruner, Control and Ausubel strategies respectively. The 
school class of P could not be included in the study but was 
used for finding test-retest reliabilities of the instruments. Preli- 
minary data for the three treatment groups has been separated 
out in Table 3.2. 


3.4.3. Final Sample 
Although the experiment started with treatment groups 
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TABLE 3.2 


Summary of Preliminary Data for the Three Schools Selected 
for Experimental Teaching 


Group Size Average Age Mean S.D. 
L ep авыша ee 
Ausubel 42 15.07 56.67 13.92 
Bruner 42 15.39 54.93 12.04 
Control 43 15.66 55.80 13.05 


Q9 e Do EE 


almost equivalent in respect of size, average age, mean score ia 
mathematics at S.S.C. and variability of these scores, each 
group lost some subjects during experiment due to various 
reasons such as transfer from the school, absence at one or 
more of the tests, or attendance below ninety per cent in experi- 
mental session. Final analysis, therefore, had to be restricted 
only to those subjects who survived the mortality. Data for 
these final groups has been presented in Table 3.3. 


TABLE 3.3 


Summary of Preliminary Data for the Final Sample of Subjects 


Group Size Average Mean S.D. 
Age 

Ausubel 37 15.03 51.61 13.89 

Bruner 36 15.42 54.23 12.33 

Control 3g 15.65 56.20 13.12 


, ot oS eee ce 


le 3.3 that the treatment groups 


It can be observed from Tab 
experimental measures. 


Were still fairly comparable on these рге- 


Choice of Content 


3.5.0. 
Content was chosen from the syllabus of mathematics pres- 
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cribed by Maharashtra State Board of Secondary Education for 
eleventh grade students of science stream. Taking into account 
the nature of teaching strategies involved in this study, the cons 
cepts of set, relation, function, limit, continuity and derivative 
were selected in consultation with subject teachers of the 
experimental classes. These concepts were hierarchically connec- 
ted with each other and each of them were branched into many 
other subordinate concepts as shown in Appendix A. bn 
facilitated planning of lessons by Advance Organizer Mode 
using expository organizers for the major concepts and compa- 
rative organizers for subordinate concepts. Moreover, since each 
of the concepts had well defined attributes, planning of lessons 
by Concept Attainment Model was also possible. 


3.6.0 Lesson Plans 


The subject matter to be covered was split up into twenty- 
five units involving a concept or its subordinate as shown in 
Appendix B. А guiding principle in the choice of unit was its 
suitability for being taught by both the experimental strategies. 
Three lesson plans were prepared on each unit—one according 
to Ausubel strategy, one according to Bruner strategy and опе 
according to traditional strategy. Formats of the lesson plan by 
these three strategies are given in following three subsections- 
Detailed lesson plans on Ausubel, Bruner and Traditional stra- 
tegies have been displayed in Appendices C, D, E respectively. 


3.6.1. Format of Ausubel Lesson Plan 


Lesson plans pertaining to Ausubel strategy included the 
following steps adapted from “Planning Guide for the Advance 
Organizer Model" (Weil and Joyce, 1978, pp. 256-257). 


I. Advance Organizer 
1. Essential Characteristics of the Advance Organizer 
2. Туре of Advance Organizer : Expository/Comparative 
3. Formulation of Advance Organizer Presentation 
П. Statement of Behavioural Objectives 


Ш. Presentation of Learning Task. 
IV. Strengthening Cognitive Structure. 
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V. Description of Teacher's Activities in each phase of the 
strategy. 


3.6.2. Format of Bruner Lesson Plan 


Lesson plans pertaining to Bruner strategy included the 
following steps adapted from "Planning Guide for Concept 
Attainment Model" (Weil and Joyce, 1978, pp. 89-90) : 


1. Analysis of Concepts : 


l. Name ofthe concept. 
2. Attributes of the concept. 
3. Type of concept : Conjunctive/Disjunctive/ Relational. 
IL Statement of Behavioural Objectives. 
Ш. Presentation of Exemplars and Non-exemplars. 
IV. Concept Attainment Strategies. 
V. Description of opening moves of the teacher in each 
phase of the strategy. 


3.6.3. Format of Traditional Lesson Plan 


tional strategy involved the: 


Lesson plans pertaining to tradi 
lacebos for steps included. 


following steps which represented p 
In experimental strategies : 


L Introduction : 
l. Recapitulation of previous knowledge. 


2. Naming the concept. 
3. Importance of the concept. 


П. Statement of Behavioural Objectives. 
ПІ. Presentation of Definition. 
lv. Exemplification of Definition. 
V. Description of Teacher's Verbalization in each phase of 
the strategy. 
3.7.0. Instrumentation 
In order to draw any valid conclusion from an experimental 


research, instruments used for the measurement of variables 
Should be reliable and valid. This requirement is usually met 
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by employing commercially available standardized tests. Sub- 
ject matter involved in the present study was, however, such 
that standardized tests were not available and number of tests 
had to be constructed before starting the experiment. 


Intelligence was measured by Raven's Standard Progressive 
Matrices. For the measurement of cognitive style, however, 
Robinson's test had to be suitably adapted. АП other instru 
ments required for the measurement of previous knowledge, 
‘concept knowledge, concept transfer, heuristic transfer, short- 
term retention and long-term retention were developed by the 
researcher. 


In constructing these tests the procedure suggested by Tuck- 
man (1972, рр. 164-166; 1975, рр. 67-122) and Anastasi (196i, 
pp. 428-436) was adopted. 


According to this procedure test construction begins а5 a 
first step with the preparation of Content Outline—a list 0 
concepts or tasks to be mastered, each prefixed by action verb 
to indicate instructional objective. The second step is to PI€ 
pare a pool of items on the basis of content outline. The third 
'step is item-analysis to determine the indices of difficulty and 
discriminability of each item in the pool. The fourth step is to 
assemble items with satisfactory discriminability (above 6 
and reasonable difficulty (between .33 and .67) іп proportion 9 
predetermined weightages. 


The test constructed in this manner has in-built content 
validity which ensures reliability in the form of internal consi? 
tency. External consistency or stability of the test could be 
determined by computing test-retest reliability. 


According to Jensen (1980, p. 262), a desirable feature 
ability test is that "the test is short, consisting of just 2 x 
items so that little testing time is required." А reasonable 
limit was, therefore, put on the length of all the tests develoP^ 
in this study. 


of an 


27-1: Raven's Standard Progressive Matrices 


> f 
One of the most widely used tests for the measurement 2 


intelligence is Raven's Standard Progressive Matrices Sets ^" 
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В,С, Dand E. This test was particularly suitable for the 
present study since it measures the ability of observation and 
clear thinking. Bruner (1956, p. 246) asserts, “Concept attain- 
ment is, to be sure, an aspect of what is conventionally called 
thinking...." 


The test consists of sixty matrices, or designs, from each of 
Which a part has been removed. The subject chooses the 
missing insert from six or eight given alternatives. The items 
are grouped into five series, each containing twelve matrices of 
increasing difficulty but similar in principle. The earlier series 
Tequire accuracy of discrimination; the latter, more difficult 
Series involve analogies, permutation and alteration of pattern, 


and other logical relations. 


It is a group test and is culture free. Moreover, it is a 
Power test in a sense that it does not stipulate any time limit 
for completion by the students. Retest reliability of the test, 
according to Raven (1960, р. 2), varies with age, from 0.83 to 
0.93. For the age group of students in this study it was 0.93. 
Concurrent validity of the test with Terman-Merril Scale has 


been given to be 0.86. 
37:0. Cognitive Style Test 


As indicated earlier, the dimension of cognitive style used 
in this study was ‘Conceptual Style Preference.’ Kagan, Moss 
and Sigel (1963) developed conceptual style test consisting of 
thirty trials of pictures to identify conceptual style preference. 
Brozobich, Hall and Watson (1972); Scott (1971) and Wallach 
and Kogan (1965), however, found that the scoring based on 
this test were irrelevant for school learning tasks. Robinson 
and Gray (1974, p. 794) developed three separate scales, each 
Containing fourteen analogy items, to identify conceptual style 
Preference of the subjects. They argued that verbal analogy 
format provided means of assessing cognitive style as a process 
variable since a subject must form relationship between the first 
two terms and then generalize the relationship between the first 
two terms to the last two terms of the analogy. Using this test 
the authors found that additional variance was accounted for 
by cognitive style measure beyond that of verbal and non-verbal 
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LQ.inrelation to school learning. This test, however, was 
culturally biased since the items in the test were chosen to suit 
the sample of students from Midwestern City. The researcher, 
therefore, adapted the format of this test to develop cognitive 
style test suitable for the subjects involved in the present study. 


The test consisted of three different scales for the three 
styles of conceptualization. Each scale contained fifteen verbal 
analogy items arranged in increasing order to complexity. The 
subject had to identify a concept or a relation between the first 
two terms and then associate the third term with one of the 
three choices given for the fourth term so as to obtain similar 
concept or relation between them. That scale on which the 
subject scored highest indicated his conceptual style preference- 


Concurrent validity of the three scales with those of Robin- 
son and Gray were found to be .523 for categorical style, 618 
for descriptive style and .535 for the relational style (N=42). 
Test-retest reliabilities of these three scales were found to be 
.560,.626 and .527 (N=37) respectively. The test and its 
scoring key has been given in Appendix F. 


3:73. Previous Knowledge Test 


This test was assigned to assess the knowledge of concepts 
learnt by the students in previous two grades. The test consists 
of twelve multiple choice items on the content outline suggest 
by the subject teachers of experimental classes, Fixed choice 
format was chosen since recognition of concepts was considered 
enough for the purpose. The test had content validity by virtue 
of its construction. Test-retest reliability was found to be 5 
(Ч--44). Тһе test is given іп Appendix С of this report. 


3.7.4. Concept Knowledge Test 


This test was designed to measure knowledge of the concept? 
taught during experimental teaching at fixed intervals. 
test consisting of ten items is divided into three parts. The first 
part on the concepts of set, relation and function contains four 
items; the second on the concepts of limit and continuity e 
tains four items; and the third on the concept of derivative 
Contains two items. These three parts were to be administer 
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after i i 
d ER pone of respective topics. The scores oa the 
B. z rts were then to be pooled together to obtain a compo- 
ore on the criterion of concept knowledge. 


Fi : 
pt choice format was chosen for the test since it pur- 
holes eerie of the recognition of concepts. Multiple 

were preferred si 

correct guessing. р ed since they reduce the chances of 

The en 
NUN ipee had content validity since it included all the major 
ma e or their subordinate concepts on the basis of preplan- 
E outline. Test-retest reliability determined by 
fifteen denas ma to the same twelfth class students after 

s was found to be .802 (N— осі : 
А А е. 39). The test 
Ppendix H of this report. stis given in 


3.7.5 

Th Concept Transfer Test 
"тасы test was designed to measure the ability of students to 
ihi the knowledge of concepts gained during experimental 
b р According to Bruner (1957), transfer means "going 
imm the information given." In the present study transfer 
tion anne and extrapolation of knowledge in the situa- 
FE to that presented during teaching. Free choice 
of th was preferred since transfer necessarily required recall 

€ concepts. 

T ; Р , 
the des number of items in the test was ten. Depending upon 
in the a involved in them four of these items were included 
Dart oF rst part, four in the second part and two in the third 
obtain ra test. The score on concept transfer test was to be 
дайн, by pooling together the scores on these three parts 
eem istered immediately on completion of units involved in 
validity by virtue of its con- 


The test had in-built content 
utline prepared in advance. 


Tuin on the basis of content 0 dva 
Boni d reliability was determined by repeated administra- 
Was fi he same twelfth grade studentsZafter fifteen days and 
ound to be .554 (N—41). The test is given in Appendix I. 


3.7 
T Heuristic Transfer Test 


Learning the heuristics, according to Bruner (1961), is the 
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learning of attitude and activities that go with inquiry and 
research and is only achieved through the act or problem- 
solving and the effort of discovery. In the present study, heu- 
ristic transfer meant application, analysis and synthesis of the 
concepts learnt to discover new relationships in situations 
different from those presented during teaching. 


Essay items were chosen for they test the ability of students 
to think out and use what they know. According to Tuckman 
(1975, p. 111), “Essay items provide test-takers with the oppor- 
tunity to structure and compose their own responses within 
relatively broad limits." Such an opportunity is evidently 
essential for heuristic transfer. 


Total number of items in the test was ten. On the basis of 


content involved, four of them were included in the first Len 
four in the second part and two in the third part. Total UN 
on heuristic transfer was to be obtained by pooling together ! 


ES s its 
Scores on these three parts administered on completion of unit 
involved in them. 


The test had content validity since it was based on previous” 
ly prepared content outline. Test-retest reliability was deles 
mined by double administration with a time gap of fifteen days 
to the same group of twelfth grade students. It was found t° 
be.821 (N=33). An elaborate marking scheme was ai 
prepared to arrest scorer’s bias. The test is presented in Appe? 
dix J of this report. 


3.23. Concept Retention Test—I 


This test was designed to measure retention of concept 
taught after two weeks from the completion of tena 
Multiple choice items left over from the pool for concept gt 
ledge test were transformed into free-choice fill-in type- test 
choice format was preferred since the main purpose of toe 
was to test recall. There were ten items in the test = tes. 
administered at a time and completed within twenty ™ Mm ss 
Content validity was ensured by including all the major abe 
cepts taught during experimental teaching. Test-retest 161°. 


lity was found to be .606 (N=27). The test is presente 
Appendix К. 


im 
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3.7.8. Concept Retention Test—1I 


This test was designed to measure retention of concepts 
taught after eight weeks from the completion of teach- 
ing. Free-choice fill-in type items were those left over from the 
pool prepared for concept knowledge test after taking the items 
for Concept Retention Test—I. There were ten items to be 
administered at a time and completed within twenty minutes. 
Items for all the major concepts taught were included to ensure 
content validity. —Test-retest reliability was found to be .411 
(N=32). The test is presented in Appendix L. 


3.7.9. Observer’s Rating Scale 


3 This scale was designed to measure teacher fidelity to pres- 
cribed strategy during experimental teaching. The degree to 
which the teacher adheres to a given treatment is reflected in 
the occurrence of teaching behaviours that characterize the. 
treatment, Necessary data for the. measurement of teacher 
fidelity can, therefore, be obtained by careful observation and 
rating of teaching behaviours on à scale. 

Worthen (1970) developed а scale to rate teaching Беһа- 
viours through classroom observation. The items on his scale, 
however, could discriminate only between expository and dis- 
соуегу treatments used in his study. The format of this scale 
was, therefore, adapted to construct a new scale which could 
Serve to discriminate between the treatments employed in 


the present study. 


Major items along which the discrimination could be done 


were identified to be as follows : 


A. Method of Induction. 


Interjection of Teacher 
- Degree of Structure. 


B. Introduction of Generalization. 

C. Mode of Concept Acquisition Evoked. 
D. Knowledge. 

E 


For each of these items, five characteristics of teacher beha- 
Viour were delineated as per following correspondence : 


1 €» perfect adherence to Bruner strategy 
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2 €» incomplete adherence to Bruner strategy. 

3 <> non-adherence to either strategies. 

4 €» incomplete adherence to Ausubel strategy. 
5 < perfect adherence to Ausubel strategy. 


Each item of the lesson was to be rated by encircling one 
number from 1 through 5, depending upon the characteristic 
Observed. Total absence of the item or failure to observe it 
was to be shown by encircling 0. Average of the five ratings 
for five items could be used to assess teacher fidelity. 


Perfect average rating for Bruner strategy would be ‘1’ and 
that for Ausubel strategy would be ‘5’. The teacher could be 
said to have adhered to Bruner strategy to the extent the ave- 
rage rating of his lesson approximates “417 and to the Ausubel 
Strategy to the extent the average rating of his lesson approxi- 
mates “5°, The extent to which the average rating deviates 
from 4? or ‘5’ indicates the deviation from Bruner and Ausubel 
Strategies Tespectively. Since the control group treatment did 
Not possess characteristics of either of the two strategies, ave 


Tage rating for this treatment should approximate the middle 
Point of the scale. 


Teacher fidelity to Bruner strategy would, therefore, be indi- 
tated by insignificant difference between obtained average rating 
and perfect average rating for this strategy, that is, 1. Similarly, 
teacher fidelity to Ausubel strategy would be indicated bY 
insignificant difference between obtained average rating a" 
perfect average rating for this strategy, that is, 5. 


5 The scale and the continuum of characteristics under each 
item are given in Appendix M. 


3.8.0. Observer-Raters 


Six Observer-raters were selected for observation and rating 
of experimental lessons. Three of them were internal an 
three external. One week training programme was organize 
during winter vacation of 1981 to orient the observer-ratets 10 
background knowledge required for the proper conduct 9 
observation and rating. Since all of them were highly quali! а 
Persons, the training was informal, Tt began with brief discuss!© 
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of subject matter involved in the study. Major concepts to be 
taught were fully analysed. The central topic in the training 
programme was the models of teaching. Ausubel’s Advance 
Organizer Model and Bruner’s Concept Attainment Model 
were explained in detail. The bearing of these models to experi- 
mental strategies was made explicit. Phases involved in each 
strategy and teacher’s role in each phase of the strategy were 
clarified. Formats of the lesson plans for each strategy were 
presented and some lesson plans were scrutinised. Finally, each 
Observer-rater was given a form of observer's rating scale with 
full instructions, and continuum of characteristics delineated 
under each item was explicated. Doubts and difficulties raised 
by some of the observer-raters Were clarified. 


Internal observers were allotted their own schools for the 
entire period of experimental teaching. External observers, 
however, were rotated and required ‘to visit different schools as 
per programme prepared in advance. Each Jesson of two experi- 
mental groups and a control group was to be observed by two 
Observer-raters, one internal and one external. 


3.9.0. Pretesting 


ediately on reopening of schools 
On the very first day the resear- 


Cher visited all the three schools and collected attendance regis- 


ters of the classes from the principals. He, then, went to the 


Classes with subject teachers. On having been introduced by the 
g rapport with 


Subject teacher he spent some time in establishin, 
the students, while taking their roll call. The purpose of the ex- 
Periment was then briefly explained to the students, concealing 
the nature of treatment they were going to be given. The students 
were told that the researcher would be taking three periods of 
mathematics per week allotted to him by the principal of their 
school and that he would continue to teach for nearly two 
Months covering major topics in their syllabus. In order to 
observe the effect of his teaching he would like to know their 
Present position; for which they would be given some tests in the 
following three periods which they must not miss. 


Тһе periods allotted to the researcher fell on different days 


and at different times. Hence it was not possible to administer 


The experiment started imm 
after winter vacation of 1981. 
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a given test to all the three classes on the same day or at the 
same time of the day. 


Cognitive Style Test, Raven’s Standard Progressive Matrices 
Sets A, B, C, D, E, and Previous Knowledge Test were adminis- 
tered to the three classes in the same order during the allotted 
periods. 


While administering cognitive style test and previous know- 
ledge test no oral instructions in the beginning were given since 
they were printed on the question-answer forms themselves. 
Each of these tests could be completed in one class period. 


While administering Raven’s Standard Progressive Matrices 
Test, instructions contained in the Guide to the test were 
strictly adhered to, It was made sure that each student followed 
the procedure of doing the test. Students were told that they 
could take as much time as they wanted to complete ‘the test. 
Teachers of next following periods were requested to spare thelF 
Periods. Answer-sheet and a booklet were collected from the 


Student only when he has completed it or said to have com- 
pleted it. 


During testing, Seating arrangement in each class was such 
that students did not get any chance to copy answers from ne 
neighbouring students, Subject teachers of the classes assiste 
the researcher in keeping strict supervision. 


3.10.0. The Conduct of Experiment 


> H 81, 

Experimental teaching commenced on 12th November, ae 
and lasted for ten weeks till 20th January, 1982. This particu 
period was purposefully chosen for the following reasons: 


(1) It was preceded by a fortnight’s holiday, minimizing» 


rans 
thereby, the possible carry-over effect of previ 
instruction. 


А а 
(2) Students were in a jubilant mood, having enjoyed 
festive season of Dipavali. 


қ . o this period 
(3) There were no school examinations during this P 
to cause undesired anxiety to students. 
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(4) Climatic conditions of the city were best during this 
season and hence precluded any disruption in the pro- 
gramme due to unforeseen natural conditions. 


The researcher himself was to teach all the three classes. 
Time-table was, therefore, so arranged that periods of two 
experimental groups should not fall on the same day in order 
to avoid contamination between the two experimental strategies. 
The time of the day for teaching these two groups, however, 
was arranged as close as possible. The periods of Ausubel group 
were taken on Thursday, Friday and Saturday from 2.45 p.m. to 
3.25 p.m. and those of Bruner group were taken on Monday, 
Tuesday and Wednesday from 2.05 p.m. to 2.45 p.m. These 
were the first periods after long recess in the respective schools. 
The control group was taught on Monday, Tuesday and Wed- 
nesday after a period of short recess in the school from 1..20 


p.m. to 1.00 p.m. 


Each student was provided with a notebook to be used 
exclusively for taking down notes of the lessons taken by the 
researcher. Each lesson started with a roll-call and closed with 
assignment of home work, which was the same forallthe three 
groups. 


Teaching was done strictly according tolesson plans drawn 
in advance as per requirement of the three strategies. Normally, 
the units were completed in one class period. In the few cases 
where it could not be possible due to unexpected questions from 
the students, which were respected and promptly responded to, 
the remaining portion Was covered in the next ensuing periods. 
If their blooming faces were to be any indication, the stu- 
dents of all the three groups enjoyed the lessons. The last bell 
often came as surprise to them. 


It was a great satisfaction to the researcher that observers 
were present during all the lessons of all the three strategies. 
Their presence could not be a source of distraction to the stu- 
dents since they used to be seated on the back benches of the 
classes Nor could it inhibit the researcher in any way since 
he was accustomed to being observed while teaching. Obser- 
ver’s reports were collected immediately after the lesson and 
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Specific suggestions, if any, were incorporated in the conduct of 
next lessons, 


There was no discontinuity іп the Programme except that 
lessons of B and C classes on 4th, 5th and 6th January had to 
be postponed due to a cricket match between their schools. 


3.11.0 Post-Testing 


Criterion tests I, II and III were administered to all the three 
groups in the periods following the completion of eighth, 
twentieth ang twenty-fifth units of experimenta] teaching 
respectively, 


Criterion test I consisted of the first parts of concept know- 
ledge test, concept transfer test and heuristic transfer test. 


two minutes’ duration since 
of two minutes each, four 


5 


T items of two minutes each, and four heuristic 


and two heuristic transfer items of four minutes each. 


the test which they did without fail. 


Cyclostyled question papers were distributed at the first 


Stroke Of the bell, Answers were to be written in the spaces 
Provided on the questi 


bell. Every precauti 
side disturbance during testing, 
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toclosing time. Students stopped writing at the fourth stroke 
of the bell. Papers were collected immediately. 


3.11.1. Administration of Retention Tests 


Retention test I was administered to all the three groups 
exactly after two weeks from the completion of experimental 
teaching. Group A took the test on Ist February, 1982, and 
groups В and С on 4th February, 1982. 


Retention test II was administered to all the three groups 
exactly after eight weeks from the completion of experimental 
teaching. Group A took it on 15th March, 1982, and groups 
B and C on 18th March, 1982. 


Students were not informed about the dates and timings of 
these tests. Subject teachers were, however, requested a day 
before to make provision of proper seating arrangement. Both 
the tests were of twenty minutes’ duration and were completed 
within half of the period after which the classes were engaged 


by their subject teachers. 


3.12.0. Scoring 


The answer sheets of students in the three groups for all the 
Pre- and post-tests were scored independently by the researcher 
and his senior colleague who was also one of the observer- 
raters, 


Answer sheets of Progressive Matrices were scored using the 
Scoring key provided with “Guide to the Standard Progressive 
Matrices Sets A, B, C, D and E” (Raven, 1960). Scoring key 
Prepared by the researcher for cognitive style test was used іп 
Scoring the answer sheets of Cognitive Style Test. 


The correct answers to all objective type questions in Pre- 
vious Knowledge Test, Concept Knowledge Test, Concept 
Transfer Test and the two retention tests were first noted down 
and then compared with those of the students while scoring 
these tests. Special care was taken while scoring essay type 
items on Heuristic Transfer Test. Marking scheme prepared 
in advance by the researcher was strictly adhered to by both the 
Scorers, 
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There was no disparity between the scores allotted by the two 
‘scorers in respect of progressive matrices and cognitive style 
tests of all the three groups. А few discrepancies due to over- 
sight were identified in the scoring of objective tests by the two 
‘scorers which were consequently corrected. While scoring 
heuristic transfer test the two scorers differed in allotting marks 
to some items in spite of following the marking schemes. 
Average of the two scores was assigned to the item in five such 
cases; two from group А and three from group C. 


Since the scores allotted by the two scorers were thoroughly 
checked and corrected or averaged as the case may be, the 
researcher did not think it necessary to compute the coefficient 
-of correlation between the scores allotted by the two scorers in 
order to establish the reliability of scoring. 


3.13.0. Inter- Observer Reliability 


As has been indicated earlier iv section 3.8.0., each lesson 
of the three strategies in this study was observed by two obser- 
ver-raters, one internal and one external. In order to assess 
the accuracy of these ratings for their further use in the measu- 


rement of teacher fidelity, it would be necessary to find inter- 
Observer reliability. 


Medley and Mitzel (1963, p. 253) discussed three types of 


coefficients for the reliability of observation by any observatio- 
nal technique. 


(i) Reliability Coefficient: A correlation between the 
scores based on observations made by different observers at 
different times. 

(ii) Stability Coefficient : A correlation between scores based 
on observations made by the same observer at different times. 


(iii) Coefficient cf Observer Agreement: А correlation 


between scores based on observations made by different obser- 
vers at the same time. 


According to these authors, the coefficient of observer 
agreement tells us something about the objectivity of an obser- 
vational technique; the coefficient of stability tells us something 
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about the consistency of behaviour from time to time. But 
only the reliability coefficient tells us how accurate our measure- 
mentsare. In order to find inter-observer reliability, for the 
purpose of this study, reliability coefficient was, therefore, 
the appropriate type among the three. It was determined as 
follows : 


The scores given by the two observers while simultaneously 
observing the different lessons of the same strategy were first 
calculated by averaging their ratings for five items of the scale 
in respect of each lesson. Rank-Difference Coefficient of corre- 
lation was then computed between the two sets of scores Cor- 
responding to two observers. This was done for each different 
pairs of observers. 


For the sake of brevity internal observers for Ausubel, 
Bruner and Control strategies have been designated by 1, Iz 
„апа 1з respectively and the three external observers by Ei, Ea, 
and Ез. As E;, Ee, and Ез were rotated among the tbree groups, 
each of Ij, Ia, and Is was paired with Ез, E» and Es in observing 
nearly equal number of lessons of the strategy. Table 3.7 shows 
the pairs of observers observing the lessons of each strategy, 
number of lessons observed by each pair und also the inter- 
Observer reliability for each pair. 


These high values of inter-observer reliabilities for all pairs 
of observers, except possibly one (Is Eg), were taken as an ade- 
quate evidence ofthe accuracy ofratings given by different 
Observer-raters. Relatively low value of inter-observer reliability 
for the pair Is Es could be attributed to the fact that one of the 
Observers came late for two lessons and consequently scored 


some items as zero since he could not observe them. 


3.14.0 Statistical Technique for Data Analysis 


The data collected by administration of pre- and post-test 
Measures to the three groups was analysed using appropriate 
statistical technique. The analyses have been presented in the 


next chapter. 


г summarizing the data were 


Descriptive statistics used fo 
Although groups were equated 


means and standard deviations. 
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TABLE 3.4 


Inter-Observer Rehability for Each Pair of Observers, Observing 
the Lessons of the Three Strategies 


Strategy Pairs of No. of Lessons Inter-Observer 
Observers Observed Reliability 
hE 8 94 
А ҺЕ: 8 493 
lı Es 9 94 
О —1.—уү—_ 
ҺЕ 8 .90 
в 1 Es 8 .98 
1 Ез 9 96 
———— СОЕ 2.05028... 
I; Ei 9 91 
с I; Ез 8 .83 
I; Ез 8 94 


————— 


оп the basis of means and standard deviations of the marks 
obtained in mathematics in S.S.C. examination, the possibility 
of their differences on pretreatment measures—previous know- 
ledge of the concepts and intelligence—could not be ruled out. 
This was, precisely, the reason for the choice of *Non-Equiva- 
lent Control Group Design" for the study. As per requirement 
of this experimental design, pre-treatment differences between 
experimental and control groups must be controlled either 
experimentally or statistically. Experimental control of these 
variables was not possible, since the study was conducted with 
intact classes as experimental Broups. Imposing statistical 
control was, thus, inevitable. Natural choice of statistical tech- 


nique for the data analysis in this study was, therefore, “Апа- 
lysis of Covariance”. 


Analysis of covariance isan extension of the analysis of 
Variance combined with certain features of regression analysis 
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and allows the researcher to statistically equate the independent 
variable groups with respect to one or more variables which are 
relevant to the dependent variable. 

қ Requisite assumptions for the proper interpretation of ana- 
ysis of covariance results are those of both linear regresssion 


D analysis of variance. From regression, it must be assumed 
at: 


(1) the relationship between independent and dependent 
variables is linear; 

(2) homoscedasticity exists, that is, variances in the values 
of dependent variable for any given values of indepen- 
dent variable are comparable; and 

(3) distribution of dependent variable for given values of 
independent variable is approximately normal. 


Analysis of variance dictates that: 
(4) measures within each group must be randomly drawn; 


and 
(5) variances within the grou 
geneous. 


Popham (1967, р. 230) points out that, «stringent satis- 


faction of these assumptions is probably not required, but the 
departure from them should not be too great”. McNemar 


(1962, p. 252) asserts: 
Although these assumptions are incorporated in the mathe-- 
matical derivation of the F distribution, there is ample: 
evidence that marked skewness, departure from normal 
kurtosis, and extreme differences in variance do not greatly 
disrupt the F test as a basis for judging significance in the 


analysis of variance. 


ps must be relatively homo- 


The assumption of *Homogeneity of Variance’ was, however, 
important since extension of ‘t’ test for more than two samples 
—as is done in analysis of variance or for that matter, in ana- 
lysis of covariance—required equality of variance for its valid 
use, Bartlett’s test (Snedecor and Cochran, 1967, р. 296) was, 
therefore, employed 10 check the homogeneity of variance 


before proceeding to analysis Of covariance for each set of data. 
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Intelligence was treated as constant covariate in the data 
analysis of all criterion measures by employing “Analysis of 
“Соуагіапсе” technique. Another covariate used while analysing 
data on “Concept Knowledge Test" was previous knowledge. In 
the data analysis of other criterion measures, however, thecova- 
riate "Previous Knowledge' was replaced by 'Concept Know- 
ledge' following Worthen (1970). While analysing data on 
“Long-term Retention Test", ‘Short-term Retention’ was taken 
as an additional covariate since the two measures were functio- 
nally related. 


In case significant mean-differences among the groups on а 
Criterion measure were indicated by F-test, further analysis for 
the identifieation of groups between which the mean-differences 
actually existed was done by employing ‘t’ test. 


3.14.1. Levels of Significance 


Hypotheses were tested against a probability level of .01 to 
prevent Type І error in drawing inferences, Rejection of null- 
hypothesis when it was true was considered to be more serious 
an error than accepting the null-hypothesis when it was false, 
‘since, in the present study, comparison was done between the 
two models of teaching which were Biants in themselves. More- 
юуег, previous research, reviewed earlier, indicated the possi- 
‘bility of these two models having equal effectiveness with regard 
to some criteria used in this study. 


However, care was taken to avoid the occurrence of Type П 
‘error as well. Those hypotheses which could have been accepted 
at .01 level of significance were tested at .05 level of significance. 


No directional prediction in Tespect of mean difference on 
any criterion was done in this study. Hence, two-tailed test of 
“significance was used throughout. 


CHAPTER IV 


Analyses and Results 


4.0.0. Prologue 


paie neat importance in the experimental research on. com- 
ie a instructional treatments, as pointed out by Medley 
ia zel (1963, p. 249), is assessment of the degree to 

ich the methods supposed to be applied were actually 
applied.” Measurement of teacher fidelity to prescribed treat- 
DT was, therefore, considered as а prerequisite to analyses 
аа шамына ofthe data on criterion measures in this 


aue аа, this fourth chapter be; 
liac. on Observer's Rating Scale to bring 
Thi S adherence to prescribed teaching stra 

is follows presentation of summarized data on 
measures, Descriptive and inferential analyses of the data on 
Criterion measures have, then, been serially presented. This 
IM criterion-wise testing of hypotheses using ‘Analysis 

Covariance’ and subsequent employment of ‘t? test where 


necessary, 


gins with analysis of 
forth evidence of tea- 
tegies in this study. 
pre-treatment 


ypotheses (hypotheses pertain- 
е been described immediately 
major hypothesis (hypothesis 
hich covers them. 


in Analyses for testing minor h 
ha to subsidiary objectives) hav 

ter presentation of the test of 
Pertaining to principal objective) W 
om each analysis and the 


Inferences have been drawn fr 
marized at the end of the 


Tesults of all analyses have been sum 
chapter in section 4.16.0. 
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4.1.0 Assessment of Teacher Fidelity 


In order to assess teacher fidelity to prescribed teaching 
strategies, Worthen's (1970) procedure was adopted for analys- 
ing the data on ‘Observer’s Rating Scale’. 


Average score for each lesson was first obtained by taking 
the mean of scores allotted to that lesson by the two observers, 
observing the lesson simultaneously. Mean score assigned by 
each pair of observers to a particular strategy was then com- 
puted by taking the mean of average scores of the lessons of 
that strategy observed by that pair of observers. Finally, the 
weighted mean of the mean scores assigned by three pairs of 
observers to that strategy was calculated to obtain grand score 
for that strategy. Table 4.1 shows the mean scores assigned by 
each pair of observers to a specific strategy and grand score 
computed therefrom for the three strategies. 


TABLE 4.1 


Grand Scores for the Three Strategies Obtained on the Basis 
of Observer Raters’ Reports 


—————— ——— 


Strategy Pair of No. of Mean Grand 
Observer Lessons Score Score 
Raters Observed 
—— Án An ӨШ vnu c Vou scm 
ҺЕ 8 4.263 
А lıE2 8 4.788 ` 4.628 
3 ҺЕ; 9 4.700 
ЗЫ” Алы Y 73 пәле (маса Valea i ues 55m D 
LE 8 1.388 
B 182 8 1.363 1.364 
lE; 9 1.344 
жала es eee 9 A 5 Oo t ME. 
2 ВЕ. 9 2.233 
с LE: 8 2.463 2,172 
Ез 8 1.813 
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P grand score for each strategy Was compared with theo- 
ically perfect score for that strategy in order to assess the 
proximity between the two. Table 4.2 shows ‘t’ values for 


differences between grand score and perfect score for each 
Strategy. 
TABLE 4.2 


Significence of Differences Between the Grand Score and 
Perfect Score for the Three Strategies 
MEME Oo cR S sS 
Strategy Grand 8.0. Perfect SD. Dif. SE. t 
Mean Мі © Мі Mean M: сМ: М.-М 9D 
ne a 

807 372 213 1754 


А 4.628 .699 5 
B 1.364 .350 1 551]  .364 4131 2.756 
с 2172 1568 3 1046 208 237 3493 


manus qns eats au Har ЛАНИ ЕЕ 


From Table 4.2 it was observed that 47 values for difference 
spect of strategy A 


between grand score and perfect score in re: 
and strategy B were insignificant (р<:01 d.f.—24). This indi- 
cated that grand scores for strategy A and strategy В were not 
Significantly different from theoretically perfect scores for these 
Strategies, Or, in other words, the teacher adequately adhered 
to these strategies during experimental teaching. e 


" *t value for control strategy Was, however, found to be 
Significant (p<.01, 4. f.=24). This indicated that treatment 
8lven to control group was notfree from some characteristics 
ОҒ either of the two experimental strategies. То ascertain the 
extent of this contamination grand score of control strategy was. 
compared with that of Ausubel strategy and Bruner strategy. 
Table 4.3 shows ‘t’ values for differences between the grand 
Scores of the three strategies. 

From Table 4.3 it was observed th 
grand scores of strategy A and strategy C as well as that bet- 
ween strategy B and strategy C were highly significant (p.01, 
d.f.—24). This indicated that control treatment Was signifi- 
cantly different from the two experimental treatments. Hence, 
Contamination, if any, was negligible. 


at difference between the 
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TABLE 4.3 


Significance of Differences Between the Grand Scores 
of the Three Strategies 


Strategies Мі бі Ма 6: р 9р А 
Compared 

% Nus MM 
A—C 4.608 , .699 2.172  .568 2.456 2,79 13.721 
B—C 1.364 .350 2172  .568 .805 133 6.076 
А-В 4.628 „699 1.364 .350 3264  .156 20.923 


=: = UA 4 nil 


Significant difference between the Brand scores of strategy 
A and strategy B showed that the two experimental treatments 
in the present study were sufficiently pulled apart. Kertinger 
(1973, p. 308) asserted that to maximise experimental variance 
the researcher must "pull? the methods apart as much as possi- 
ble to make them as unlike as possible, 


4.2.0. Identification of Cognitive Style Sub-Groups 


Conceptual Style Preferences of students in the three BIOUPS 
were identified by their performance on "Cognitive Style Test 
(CST). Students in each group were classified according 10 
their conceptual style preferences. Table 4.4 shows the number 
of students in Stylewise Subgroups of each group. 


TABLE 4.4 


Cognitive Style- Wise Classification of Students in Groups 4, В, С 


Group Ausubel Bruner Control 
A B c 
Categorical 18 13 16 
с 
Descriptive 05 06 06 
т 
-Aa ee ee 
Whole 37 36 38 
we 


Sa а ЕИО А, 
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4.3.0. Descriptive Analysis of the Scores on Intelligence 
"mnes Test (RPM) 

fees se Standard Deviations of the scores on intelligence 

Mh were computed for each group and its style-wise. 
groups. Table 4.5 shows these descriptive statistics. 


TABLE 4.5 
Means and Standard Deviations of the Three Groups and 
their Style-Wise Subgroups on Intelligence Test (RPM) 
же” енен с ---- 


Group A B с 
CNN кетты ннат 
М 44.4054 42.8611 46.3421 
w 
c 6.6686 6.6855 6.1217 
uM 45.1667 41.9231 48.5000 
6 7.4063 8.0464 5.8310 
quM 44.2000 46.1667 46.6667 
m 4,3244 5.1155 4.8855 
M 43,5000 424119 44.0625: 
r 
z 6.6303 6.0007 6:3190. 


44.0. Descriptive Analysis of the Scores оп Previous 
Knowledge Test (PKT) 

Mean and Standard Deviations of the scores on Previous 
Knowledge Test (PKT) were computed for each group and its 
Style-wise subgroups. Table 4.6 shows these descriptive 
Statistics, 
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TABLE 4.6 
Means and Standard Deviations of the Three Groups and Their 
Style-Wise Subgroups on Previous Knowledge Test (PKT) 


Group A B С 
м 5,5135 4.1111 4.7895 
w 
с 1,5023 1.5265 1.5624 
= EE —— —4— € ee 
M 5.9444 4.0000 4.9375 
е 
с 1.4742 1,3540 1,7308 
м 5.4000 3.6667 4.8333 
d 
с 1.1402 1.7512 1.3292 
IEEE ua uu. x 
M 5.0000 4.3529 4.6250 
E 
с 1.5134 1.5297 1.4967 
4.5.0. 


Descriptive Analysis of the Scores on Concept 
Knowledge Test (CKT) 


Means and Standard Deviations of the scores on Concept 
Knowledge Test (СКТ) were computed for each group and its 


style-wise subgroups. Table 4.7 shows these descriptive 
statistics, 


4.6.0. Inferential Analysis of the Scores on Concept Knowledge 
Test for the Whole Groups A, B, C 


This analysis was done to test the major hypotheses I.1., 


ILL, ША. For the sake of convenience these hypotheses have 
been restated. 


L1. There is no significance difference between the mean 
performance of А and C on СКТ. 
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TABLE 4.7 


Means and Standard Deviations of the Three Groups and Their 
Style-Wise Subgroups on Concept Knowledge Test (CKT) 


ee dee cM NEM f ci 


CREME UU - 


Group A B с 
7 See 
M 7.6151 6.9167 4.7632 
уу 
с 1.6676 1.9328 1.4225 
м 8.1667 6.9231 4.0000 
с 
с 1.4653 2.3616 1.4142 
Ss с. табыс» ӨШ 
Em 1. 
M 7.2000 6.0000 5.3333 
d 
c 2.2804 2.0000 1.3663 
M 7.2143 7.2353 5,3125 
г ` 
с 1.6257 1.5219 1.1383 
КЕЗЕБЕ 


i E uo 


IL1. There is no significant difference between the mean 
performance of B and C on CKT. 

ШІ. There is no significant difference between the mean 
performance of А and B on CKT. ; 
opted for inferential analysis was 
“Analysis of Covariance”, Bartlett’s test was applied to the 
data on ‘Concept Knowledge Test’ for the groups А, B, C in 
order to check the assumption of ‘variance homogeneity) The 
computations yielded yi 3441 x10)—5.991 (p—.05 Hence, 

the assumption of ‘variance homogeneity’ was fulfilled. 


‘Analysis of Covariance’ was carried out for the dependent 
variable “Concept Knowledge” taking “Previous Knowledge 


and ‘Intelligence’ as covariates. 


Since the procedure ad 
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F-value for the treatment variable was found to be 27.358 
(D.F.—2,106) which was significant (p.01) and indicated that 
there were significant mean differences between the performance 
of the three groups on concept knowledge test. F.values for 
the two covariates, intelligence and previous knowledge, were 
insignificant, indicating thereby that the groups did not differ 
Significantly on pre-treatment measures. However, to cancell 
out even the small differences on these measures, means of 
dependent variable were adjusted using regression coefficients. 
The adjusted means for the three groups A, B, C were found to 
be 7.5894, 6.9812 and 4.7860 respectively. . 

In order to find the groups which differed significantly with 
терага to mean performance on Concept Knowlecge Test, t-test 
was employed for testing the significance of difference between 
two adjusted means, Table 4.8 presents t-values for three pairs 


of adjusted group means compared, along with their 
Significance. 


TABLE 4.8 


Significance of Difference Between Adjusted Means of 
Groups A, B, C on Concept Knowledge Test 


Group Means 


t-value D.F. Level of 
Compared Significance 
АРС 6:909 106 p<.01 
B—C 5.372 106 p<.01 
A—B 1.479 106 n.s. 


no UP a a oe, e 


Significant (P<.01) t-value for mean-difference between 
groups A and С indicated that these two groups differed signi- 
ficantly with regard to mean performance on Concept Know- 
ledge Test, Hypothesis LL. was, therefore, rejected. Moreover, 
since the difference Was in favour of group A, it could be 
inferred that Ausubel Broup performed Significantly better than 
control group on Concept Knowledge Test. 


Significant (p<.01) t. 


value for mean difference between 
Broups B and C indicated t 


hat these two groups differed signifi- 
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тынық Sen to mean performance of Concept Know- 

са ps ypothesis па. was, therefore, rejected. Moreover, 

DM 15% : erence was in favour of group B, it could be infer- 

iil ame Mere group performed significantly better than 
p Concept Knowledge Test. 


Nene for mean difference between groups A and B was not 
P 1. at 05 level. This indicated that these two 
E id not differ significantly with regard to mean perfor- 
ais on Concept Knowledge Test. Hypotheses Ш.1. was, 
ar ore, accepted. Although mean-difference was in favour 
week A, it could not be inferred that group А performed 
races an group В. The performance of Ausubel group and 

пег group on Concept Knowledge Test could be treated as 
equivalent. 


4.6.1. Inferential Analysis of the Scores on Concept 
Knowledge Test for Categorical Style Subgroups 
of the Groups А, В, С 


This analysis was done (0 test ihe following minor hypo- 


theses : 
t difference between the mean 


i.c.l. There is no significan 
d Cc on CKT. 


performance of Ac an 
ficant difference between the mean 


iic.]. There is по signi 
c and Cc on CKT. 


performance of B 
cant difference between the mean 
d Bc on CKT. ^ 


Homogeneity of variance was first checked by applying 
Bartlett's Test to the data on Concept Knowledge Test for the 
subgroups Ac, Bc, Cc. Computations yielded xi-4.5211cxtQ) 
75.991 (р--.05) indicating variance 
Analysis of Covariance was carried out for the dependent 
variable “Concept Knowledge" taking ‘Intelligence’ and ‘Pre- 


vious Knowledge’ as covariates. 

Significant (p<.01) F-value 21281 (D.F. : 2,42) for treat- 
ment variable indicated that the subgroups differed significantly 
with regard to mean performan 


iilc.]. There is no signifi 
performance of Ac an: 


homogeneity. 


ce on Concept Knowledge Test. 
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Although F-values for the two covariates were insignificant, the 
means of dependent variable were adjusted to cancel out pre- 
treatment differences, howsoever small, using regression co- 
efficients. The adjusted means for the three subgroups Ac, Вс, 
Сс were found to be 8.0865, 7.0684 and 3.9722 respectively. 


To identify subgroups which differed significantly with 
regard to mean performance оп Concept Knowledge Test, 
t-test was employed for testing the significance’ of differences 
between two adjusted means, Table 4.9 presents t-values for 
three pairs of adjusted subgroup means compared and their 


significance. 
TABLE 4.9 


Significance of Difference Between Adjusted Means of Subgroups 
Ac, Bc, Cc on Concept Knowledge Test 


Subgroup Means t-value D.F. Level of 

Compared Significance 
Ас-Сс 6.263 42 р<<01 
Bc—Cc 4.337 42 p<.0i 
Ac—Be 1.463 42 ns. 


hole oe MA И. 


Since t-value for mean difference of subgroups Ac and Се 
on Concept Knowledge Test was significant (p.01), hypothesis 
LC. was rejected. Тһе difference was in favour of Ac. Hence, 
Categorical style Subgroup of Ausubel group performed signi- 
ficantly better than its counterpart in Control group in Concept 


Since t-value for mean difference of subgroups Вс and Сс on 
Concept Knowledge Test was significant (p<.C1), hypothesis 
ii.c.1. was rejected, The difference was in favour of Bc. Hence, 
categorical style subgroup of Bruner group performed signifi- 


cantly better than its counterpart in control group on Concept 
Knowledge Test, 
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t-value for mean difference on Concept Knowledge Test for 
the subgroups Ac and Bc was not significant. Hence, hypothesis 
iii.c.l. was accepted. Categorical style subgroups of Ausubel 
vie Bruner groups performed equally on Concept Knowledge 
est. 


4.6.2. Inferential Analysis of the Scores on Concept 
Knowledge Test for Descriptive Style Subgroups 
of the Groups А, В, С 


This analysis was done to test the following mino 
theses ; 

id.l. There is no significant difference between the mean 

performance of Ad and Cd on CKT. 
ii.d.l. There is no significant difference between the mean 
performance of Bd and Cd on CKT. 
iii.d.1, There is no significant difference between the 
performance of Ad and Bd on CKT. 
first applied to check the assumption of 
‘homogeneity of variance’ for the scores of subgroups Ad, Bd, 
Cd on Concept Knowledge Test. x2=.1059<x°(2)=5.991 
(p=.05) indicated variance homogeneity. 

Analysis of Covariance Was, therefore, carried out for the 
dependent variable Concept Knowledge" taking ‘Intelligence’ 
and ‘Previous Knowledge’ as covariates. 

Since F-value 1.454 (D.F.=2, 12) for the treatment variable 
was insignificant even at 105 level of significance, mean perfor- 
mance of the subgroups Ad, Bd, Cd on Concept Knowledge 
Test did not differ significantly. Hypotheses i.d.1., йал. 
iii.d.1, were, therefore, accepted. The performance of descrip- 
tive style subgroups of Ausubel and Bruner groups on Concept 
Knowledge Test could be treated as same as that of their 
Counterpart in control group. 


г hypo- 


mean 


Bartlett’s Test was 


4.6.3. Inferential Analysis of the Scores on Concept 
Knowledge Test for Relational Style Subgroups 
of the Groups А,В,С 


This analysis was done to test the following minor 


hypotheses : 
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Lr.l. There is no significant difference between the mean 
performance of Ar and Cr on CKT. 


iir.1. There is no significant difference between the mean 
performance of Br and Cr on CKT. 


iii.r.1. There is no significant difference between the mean 
performance of Ar and Br on CKT. 


Bartlett’s test was first applied to the data of subgroups Ar, 
Br, Cr on Concept Knowledge Test in order to check the 
assumption of ‘homogeneity of variance’, x°=1.8924<y2(2) 
=5.991 (p=.05) fulfilled the assumption. 


Analysis of covariance was carried out for the dependent 
variable “Concept Knowledge” taking ‘Intelligence’? and 
‘Previous Knowledge’ as covariates. 


Significant (p—.01) Е-уаше 8.786 (D.F. : 2, 42) for treat- 
ment variable indicated that the subgroups differed significantly 
with regard to mean performance on Concept Knowledge Test. 
Although F-values for the two covariates were insignificant, 
the means of dependent variablefwere adjusted to cancel out 
pre-treatment differences, howsoever small, using regression 
coefficients. The adjusted means for the three subgroups Ar, 
Br, Cr were found to be 7.1657, 7.2512 and 5.3381 respectively. 


To identify subgroups which differed significantly with 
regard fto mean performance on Concept Knowledge Test, 
t-test was employed for testing the significance of difference 
between two adjusted means. Table 4.10 presents t-values for 


TABLE 4.10 


Significance of Difference Between Adjusted Means of Sub- 
groups Аг, Br, Cr on Concept Knowledge Test 


Subgroup Means t-value D.F. Level of 
Compared Significance 
Ar—Cr 3.419 42 р<201 
Br—Cr 3.760 42 p<.01 
Ar—Br 0.162 42 п.5. 


s.r 
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three pairs of adjusted subgroup means compared and their 
Significance. 


Since t-value for mean difference of subgroups Ar and Cr 
on Concept Knowledge Test was significant (p.01), hypothesis 
Lr.l. was rejected. Тһе difference was in favour of Ar. Hence, 
Relational Style subgroup of Ausubel group performed signifi- 
cantly better than its counterpart in control group on Concept 
Knowledge Test. 

Since t-value for mean difference of subgroups Br and Cr on 
Concept Knowledge Test was significant (p<.01), hypothesis 
lir.l. was rejected. The difference was in favour of Br. Hence, 
Relational Style subgroup of Bruner group performed signifi- 
cantly better than its counterpart in contro] group on Concept 
Knowledge Test. 

t-value for mean difference on Concept Knowledge Test for 
the Subgroups Ar and Br was not significant. Hence, hypothesis 
lii.r.], was accepted. Relational Style subgroups of Ausubel 
and Bruner groups performed equally оп Concept Knowledge 
Test. 

4.7.0. Descriptive Analysis of the Scores on Concept 
Transfer Test (CTT) 
Means and Standard Deviations of the scores on Concept 


Transfer Test (CTT) were computed for each group and its: 
Style-wise subgroups. Table 4.11 shows these descriptive 


Statistics. 


4.8.0. Inferential Analysis of the Scores on Concept Transfer 
Test for the Whole Groups A, B, C 
This analysis was done to test the major hypotheses 1.2., 
IL2, IIL2. For the sake of convenience these hypotheses have 
cen restated. 


І.2. There is no significant difference 
performance of A and C on CTT. 


11.2. There is no significant difference between the mean 
performance of B and C on CTT. 


Ш2. There is no significant difference 
performance of A and B on CTT. 


between the mean 


between the mean 
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TABLE 4.11 


Means and Standard Deviations of the Three Groups and 
Their Style-Wise Subgroups on Concept Transfer Test (CTT) 


Group A B c 
M 6.2973 5.2500 4.3421 
w 
с 1.8836 1.4015 1.1689 
м 6.8889 5.2308 4.0625 
E с 1.8752 1.4806 1.2894 
м 6.6000 4.5000 4.6667 
А с 1.6733 1.3784 0.8165 
2.5. ee 
Bee у ауар iD 4.5000 
j с 1.7415 1.4902 1.3102 


= Әе- 2.2... ха 


filled. Bartlett's test was, therefore, applied to the data on 
Concept Transfer Test for the Broups A, B, C. Computations 
yielded x?—8.4901 (D.F.—2). 


Since, 35—8.49017-2(2)—5.991 (p— 05) null hypothesis of 
equal variances could not be accepted at .05 level of significance. 
However, x°=8.4901<x*(2)~9,210 (p—.01) Hence, the 
assumption of homogeneity of variance could be accepted at .01 


level of significance, although it involved the risk of committing 
Type II error, 


The Analysis of Covariance was, nevertheless, carried out 
for the dependent variable “Concept Transfer" taking 'Intelli- 
gence’ and ‘Concept Knowledge’ as covariates. 


F-value 3.582 (D.F. : 2, 106) for the treatment variable was 
significant (p<.05). Hence, significant mean differences between 
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th 
РЕ of the three groups on concept transfer test 
Бена. Since F-value 19.693 (Р.Е. : 1,106) for the 
дайлы» Áo Knowledge) was significant (р<<.01), diffe- 
"OR mn a measure, and also on intelligence (though meagre), 
йна, ей out by computing adjusted means for the 
ci variable, using regression coefficients. The adjusted 
crede or the three groups A, B, C were found to be 5.8574, 
. and 4.9131 respectively. 
P cepe to find the groups which differed significantly with 
An o mean performance on Concept Transfer Test, t-test 
tun PITE for testing the significance of difference between 
paite justed means. Table 4.12 presents t-values for three 
airs of adjusted group-means compared, along with their 
significance. 


TABLE 4.12 


Significance of Difference Between Adjusted Means of Groups 
A, B, C on Concept Transfer Test 


~- абш ——— = 


D.F. Level of 


бүйір Means t-value А 
траге Significance 
OM 
eques 2.671 106 p<.0l 
lt 0.523 106 ЕК 
mS 2.116 106 р<2.05 


a a 
Significant (p<.01) t-value for mean difference between 
сарв A and C indicated that these two groups differed signi- 
Бола with regard to mean performance on concept transfer 
"ud Hypothesis 1.2. was, therefore, rejected. Moreover, since 
€ difference was in favour of group A, it could be inferred 
that Ausubel group performed significantly better than control 
group on Concept Transfer Test. 


si t-value for mean-difference bet 
ignificant. This indicated that t 
Significantly with regard to mean performa 
fer Test. Hypothesis IL2. was, therefore, 


ween groups B and C was not 
hese two groups did not differ 
nce on Concept Trans- 
aocepted. Although. 
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mean-difference was in favour of group B, it could not be 
inferred that group B performed better than group C. The per- 
formance of Bruner group on Concept Transfer Test could be 
treated as at par with that of control group. 


Significant (p<.05) t-value for mean-difference between 
groups А and B indicated that there was significant difference 
between the mean performance of these two groups on Concept 
Transfer Fest. Hypothesis III.2. was, therefore, rejected. More- 
over, since the difference was in favour of group A, it could be 
inferred that Ausubel group performed significantly better than 
Bruner group on Concept Transfer Test. 


4.8.1. Inferential Analysis of the Scores on Concept Transfer 
Test for Categorical Style Subgroups of the Groups 
A, B,C 


This analysis was done to test the following minor hypo- 
theses : 


1.c.2. There is no significant difference between the mean 
performance of Ac and Cc on CTT. 


ii.c.2, There is no significant difference between the mean 
performance of Bc and Cc on CTT. 


iii.c.2. There is no significant difference between the mean 
Performance of Ac and Bc on CTT. 


Homogeneity of variance was first checked by applying 
Bartlett’s test to the data of subgroups Ac, Вс, Cc on Concept 
Transfer Test, Computations yielded х2—2.242 (D.F.=2). 


Since, x*—2.242—1(2)— 5.991 (p—.05) null hypothesis of 
‘equal variance was accepted, An assumption of ‘variance homo- 
geneity’ was, thus, fulfilled for the Scores of subgroups Ас, Вс» 
‘Cc on Concept Transfer Test, 


Analysis of covariance was then carried out for the depen- 


dent variable "Concept Transfer" taking ‘Intelligence’ and 
Previous Knowledge’ as covariates, . 


Insignificant F-value 2,538 (D.F.—2, 42) for the treatment 
variable indicated that the subgroups Ac, Bc, Cc did not differ 
‘significantly with терага to their mean performance on concept 
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Шты du, Hypotheses 1.2.) ii.c.2., and iii.c.2. were, there- 

sities "os . Itcould be inferred that categorical style sub- 

Bene aus vem and Bruner groups were equivalent to control 

Ptr so equivalent among themselves in respect of mean- 
on Concept Transfer Test. 


4. А 
8.2. Inferential Analysis of thejScores on Concept 
Transfer Test for Descriptive Style Subgroups 
of the Groups A, B, C 


This analysis was done to test the following minor hypo- 
theses : 


1.42. There is no significant difference between the mean 

4 performance of Ad and Cd on СТТ. 

8.42. There is no significant difference between the mean 
performance of Bd and Cd on СТТ: 


lii.d.2, There is no significant difference between the mean 
performance of Ad and Bd on CIT. 


"T Bartlett's test was applied to the data of subgroups Ad, Bd, 
Cd on Concept Transfer Test to check the assumption of 
Omogeneity of variance’. Computations yielded x* =2.7043. 
eques, х%--2.7043<<х%(2)--5,991 (p=.95) null hypothesis of 
ingenieur. was accepted and the assumption of 'variance 

neity’ fulfilled. 

gis етін of covariance was then carried ou 
е ariable “Concept Transfer" taking "Inte 
lous Knowledge’ as covariates. 
vara icini F-value 2.267 (D.F. 7 ; 
аз е indicated that the subgroups Ad, Bd, Cd did not differ 
Sind with regard to their mean performance on Concept 
чя E Test. Hypotheses i.d.2., ii.d.2., iii.d.2. were, therefore, 
bis ed. It could be inferred that Ausubel, Bruner and control 
Son DS were equivalent in respect of mean performance on 

сері Transfer Test. 
4.8.3. 


t for the depen- 
lligence' and 


=2, 12) for the treatment 


Inferential Analysis of the Scores on Concept 


Transfer Test for Relational Style 
Subgroups of Groups A, В,С 
t ghis analysis was done to test the following minor hypo- 
Ses : 
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ir.2. There is no significant difference between the mean 
performance of Ar and Cr on СТТ. 


ііт.2. There is no significant difference between the mean 
performance of Br and Cr on CTT. 


1 n 
iii.r.2. There is no significant difference between the mea 
performance of Ar and Br on CTT. 


Bartlett's test was applied to the data of subgroups Ағ, Вг, 
Cr on Concept Transfer Test to check the assumption of man 
geneity of variance’. Computations yielded х2—2.4346<х 
=5.991 (p—.05) indicating variance homogeneity. 

Analysis of covariance was carried out for the dependent 


; « ; > t 
variable "Concept Transfer" taking "Intelligence? and “Сопсер 
Knowledge’ as covariates. 


Insignificant F-value 0.428 (D.F.=2, 42) for the treatment 
variable indicated that the subgroups Ar, Br, Cr did not a 
significantly with regard to their mean performance on Сопсер 

` Transfer Test. Hypotheses i.r.2., ti.r.2., ili.r.2. were, ede 
accepted. It could be inferred that Ausubel, Bruner and contro 


; : оп 
groups were equivalent in respect of mean performance 
Concept Transfer Test. 


4.9.0. Descriptive Analysis of the Scores on Heuristic 


Transfer Test (HTT) 


Means and standard deviations of the scores on He 
Transfer Test (HTT) were computed for each group and 1 


Style-wise subgroups. Table 4.13 Shows these descriptive 
statistics. 


410.0.  Inferential Analysis of the Scores on Heuristic 


Transfer Test for the Whole Groups A, B, C 

This analysis was done to 

П.3., Ш.3. For the 
been restated. 


test the major hypotheses га 
Заке of convenience these hypotheses hà 


L3. There is no significant difference between the mea? 
performance of A and C on HTT. 

IL3. There is no significant difference between the mean 
performance of B and C on HTT. 
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TABLE 4.13 


Means and Standard Deviations of the Three Groups and Their 
Style-Wise Subgroups on Heuristic Transfer Test 


Group A B c 
- M 3.2703 6.1111 1.1579 
a 1.7102 1.6695 1.2846 
е м 3.8333 5.6923 0.8125 
= 6 1.7905 1.5484 ) 1.1087 
а м 2.4000 5.5000 1.1667 
"en 1.6733 2.0736 0.4082 
" M 2.8571 6.6471 1.5000 
6 1.4601 1,5387 1.5916 


cant difference between the mean 


III.3. There is no signifi 
and B on HTT. 


performance of А 
_ Since the statistical technique adopted for inferential analy- 
Sis was “Analysis of Covariance”, it was necessary 10 check 
Whether an assumption of ‘homogeneity of variance’ was ful- 
filled. Bartlett’s test was, therefore, applied to the data on 
Heuristic Transfer Test for the groups А, B, С. Computations 
Yielded y2=3,384<x2(2)=5.991 (p=.05) indicating homo- 
geneity of variance. 
Analysis of covariance was carried out for the 
Variable “Heuristic Transfer” taking *Intelligence' an 
Knowledge’ as covariates. 
Significant (p<.01) F-value 98.121 (D.F. ru 
treatment variable indicated that the groups differed signifi- 


cantly with regard to mean performance оп Heuristic Transfer 
Test. Since F-values (13.606 and 44.668) for both the cova- 
Tiates were also significant (р<.01), it was necessary tO cancel 
Out differences on these measures. This was done by adjusting. 


dependent 
d *Concept 


—2, 106) for the 
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the means of dependent variable using regression coefficients for 
the two covariates. The adjusted means for the three groups 


A, B, C were found to be 2.6274, 5.9944 and 1.8457 respec- 
tively. 


In order to find the groups which differed significantly with 
regard to mean performance of Heuristic Transfer Test, t-test 
was employed for testing the significance оГ difference between 
two adjusted means. Table 4.14 presents t-values for three 
pairs of adjusted group means compared and their significance. 


TABLE 4.14 
Significance of Difference Between Adjusted Means 
of Groups A, B, C on Heuristic Transfer Test 


Group Means t-value D,F. Level of 
Compared Significance 


А-С 2.592 106 p<.05 
B—c 12.841 106 p<.0l 
А-В 20.200 106 p<.01 


c RN 


t-value for mean 
Significant (p.05) 
differed Significantly 
Heuristic Transfer Tes 
at .05 level of si 
H 
better 


difference between groups A and C was 
Which indicated that these two groups 
With regard to mean performance on 
t. Hypothesis 1.3. was, therefore, rejected 
&nificance. The difference was in favour of group 
ence, it could be inferred that Ausubel group performed 
than contro] group on Heuristic Transfer Test. 


Significant (р<.01) гу: 
groups В and C indicated th 
ficantly with regard to me 
Test. Hypothesis I.3. 


alue for mean difference between 
at these two groups differed signi- 
an performance on Heuristic Transfer 
Was, therefore, rejected. Moreover; 
since the difference was in favour of group B, it could be infer- 


тей that Bruner &roup performed Significantly better than coD- 
trol group on Heuristic Transfer Test. 
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t-value for mean difference between groups А and B was 
also significant (p<.01), indicating thereby that there was 
significant difference between the mean performance of these 
two groups on Heuristic Transfer Test. Hypothesis III.3. was. 
therefore, rejected. Тһе difference was in favour of group B. 
Hence, it could be inferred that Bruner group performed signi- 
ficantly better than Ausubel group on Heuristic Transfer Test. 


4.10.1. Inferential Analysis of the Scores on Heuristic 
Transfer Test for Categorial Style Subgroups 
of the Groups A, B, C 


This analysis was done to test the following minor 
hypotheses : 


ic.3. There is no significant difference between the mean 
performance of Ac and Cc on HTT. 


ii.c.3. There is no significant difference between the mean 
performance of Bc and Cc on HTT. 


iii.c.3, There is no significant difference between the mean 
performance of Ac and Bc on HTT. 


Homogeneity of variance was first checked by applying 
Bartlett's test to the data cf subgroups Ас, Bc, Cc оп Heuristic 
Transfer Test. 2—3.395—X*(2)—5.991 (р--.05) indicated 
variance homogeneity. 


Analysis of covariance was then carried out for the depen- 
dent variable “Heuristic Transfer” taking ‘Intelligence’ and 
Concept Knowledge’ as covariates. 


Significant (р<<.01) F-value 26.129 (D.F.=2, 42) for the 
treatment variable indicated that the subgroups differed signi- 
ficantly with regard to mean performance on Heuristic Transfer 
Test. Since F-values (4.117 and 11.983) for the two covariates 
were also significant, differences on these measures were can- 
celled out by computing adjusted means of the dependent 
variable using regression coefficients. The adjusted means for 
the three subgroups Ac, Bc, Cc were found to be 3.1339, 5.7014 
and 1.5920 respectively. 


To identify subgroups which differed significantly with regard 
to mean performance on Heuristic Transfer Test, t-test was 
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employed for testing the significance of difference between two 
adjusted means. Table 4.15 presents /-values for three pairs 
of adjusted Sub-group-means compared and their significance. 


TABLE 4.15 


Significance of Difference Betwee» Adjusted Means of 
Subgroups Ac, Bc, Cc on Heuristic Transfer Test 


Subgroups t-value D.F. Level of 
Means Compared 


Significance 


Ac—Cc 2.990 


42 p<.01 
Bc—Cc 7.333 42 p<.01 
Ac—Be 4.700 42 p<.01 


Since r-value for mean difference of subgroups Ac and Cc on 
Heuristic Transfer Test was significant (p<.01), hypothesis 
i.c.3. was rejected. The difference was in favour of Ac. Hence, 
Categorical style subgroup of Ausubel group performed signifi- 


cantly better than its Counterpart in control group on Heuristic 
Transfer Test, 


fference of subgroups Bc and Cc on 


as significant (p<.01), hypothesis 
il.c.3. was rejected, Ther difference was in favour of Bc. Hence, 
Categorical style subgroup of Bruner group performed signifi- 
cantly better than its coun 


terpart in control group on heuristic 
transfer test, 


t-value for mean differe 
on Heuristic Transfer Tes 
thesis iii.c,3, was, there 
favour of Вс. Hence, it 


nce between the subgroups Ac and Вс 
t was also significant (p<.01). Hypo- 
fore, rejected, Mean difference was in 

could be inferred that categorical style 
subgroups of Bruner group performed Significantly better than 
Categorical style subgroup of Ausubel group on Heuristic 
Transfer Test. 


4.10.2. Inferential Analysis of the Scores on Heuristic 
Transfer Test for Descriptive Style Subgroups 
of the Groups A, B,C 


This analysis was 4 


One to test the following minor hypo- 
theses ; 
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1.43. There is no significant difference between the mean 
performance of Ad and Cd on HTT. 


ii.d.3. There is no significant difference between the mean 
performance of Bd and Cd on HTT. 


iii.d.3. There is no significant difference between the mean 
performance of Ad and Bd on HTT. 


Bartlett's test was applied to the data of subgroups Ad, Bd, 
Cd on Heuristic Transfer Test to check the assumption of 
"homogeneity of variance'. Computations yielded x?=8.935 
(D.F.=2). 


Since, x2—8.932 x?(2)—9.210 (p=.01), null hypothesis of 
equal variance could be accepted at .01 level of signifieance. 
The assumption of ‘homogeneity of variance’ was thus fulfilled 
(р--.01). This, however, involved the risk of committing 
Type II error. 


Nevertheless, analysis of covariance was carried out for the 
dependent variable ‘Heuristic Transfer” taking ‘Intelligence 
and ‘Concept Knowledge’ as covariates. 


Significant (p<.01) F-value 16.794 (D.F.=2,12) for the treat- 
Ment variable indicated that the subgroups differed significantly 
With regard to mean performance on Heuristic Transfer Test. 
F-value for covariate 1 (Intelligence? was insignificant but that 
for covariate 2 (concept knowledge) was 7.295 (D.F.=12) 
Significant (p<.05). The differences on both of these measures 
Were, however, cancelled out by computing adjusted means for 
the dependent variable using regression coefficients. Adjusted 
Means for the three subgroups Ad, Bd, Cd were found to be 
1.7764, 5.5563 and 1.6301 respectively. 


To identify subgroups which differed significantly with 
Tegard to mean performance on Heuristic Transfer Test, t-test 
Was employed for testing the significance of difference between 
two adjusted means. Table 4.16 presents t-values for three pairs 
9f adjusted subgroup means compared and their significance. 


t-value for mean difference between subgroups Ad and Ce 
on Heuristic Transfer Test was insignificant. Hence, hypcthesis 
1.43. was accepted. Performance of descriptive style subgroup 
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TABLE 4.16 


Significance of Difference Between Adjusted Means of 
Subgroups Ad, Bd, Cd on Heuristic Transfer Test 


Subgroup Means t-value D.F. Level of 
Compared Significance 
Ad—Cd 0.170 12 ns. 
Bd—Cd 4.791 12 p<.0l 
Ad—Bd 4.397 12 p<.01 
=== 


of Ausubel group could be treated as equivalent to that of its . 
counterpart in control group on Heuristic Transfer Test. 


Since t-value for mean difference of subgroups Bd and Cd 
on Heuristic Transfer Test was significant, hypothesis ii.d.3. was 
Tejected. Тһе difference was infavour of group Bd. Hence, 
descriptive style Subgroup of Bruner group performed signifi- 


cantly better than its counterpart in control group on Heuristic 
Transfer Test. 


Significant ( р<2.01) t- 


value for mean difference of subgroups 
Ad and Bd indicated tha 


tthese two subgroups differed signifi- 
cantly with regard to mean Performance on Heuristic Transfer 
Test. Hypothesis lii.d.3, was, therefore, rejected. The difference 
being in favour of Subgroup Bd it could be inferred that des- 
criptive style subgroup of Bruner group performed significantly 


better than descriptive style subgroup of Ausubel group on 
Heuristic Transfer Test. 


4.10.3. Inferential Analysis of the Scores on Heuristic 
Transfer Test for Relational Style Subgroups 
of the Groups A, B, C 


This analysis was done to test the following minor hypo- 
theses : 
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Ei.r.3. There is no significant difference between the mean 
performance of Ar and Cr on HTT. 


ii.r.3. There is no significant difference between the mean 
performance of Br and Cr on HTT. 


iii.r.3. There is no significant difference between the mean 
performance of Ar and Br on HTT. 


Homogeneity of variance was first checked by applying 
Bartlett's test to the data of subgroups Ar, Br, Сг оп Heuristic 
Transfer Test. Computations yielded x?—.0974. 


: Since, Х2-.0974<<х(2)--5.991 (р--.05) assumption of 
variance homogeneity’ was fulfilled for the scores of subgroups 
Ar, Br, Cr on Heuristic Transfer Test. 


Analysis of covariance was carried out for the dependent 
variable “Heuristic Transfer" taking ‘Intelligence’ and ‘Concept 


Knowledge’ as covariates. 


Significant (p<.01) Е-уаше 55.896 (D.F.—2, 42) for the 
treatment variable indicated that the subgroups differed signifi- 
Cantly with regard to mean performance on Heuristic Transfer 
Test. F.values for the two covariates were 12.557 and 15.783 
(D.F. : 1, 42) significant (p<.01). Hence, the subgroups differed 
Significantly on these measures. The means of dependent 
Variable were, therefore, adjusted to cancel out these differen- 
Ces. Regression coefficients for the two covariates were used 
for the purpose. Adjusted means of the subgroups Ar, Br, Cr 
оп Heuristic Transfer Test were computed as 2.5060, 6.3992 and 
2.0705 respectively. 


In order to find out the subgroups which differed significant- 
ly in mean performance on Heuristic Transfer Test, t-test was 
employed for testing the significance of difference between two 
adjusted means. Table 4.17 presents f-values for three pairs of 
adjusted subgroup means compared and their significance. 


A ince гае for mean difference of subgroups Ar and Cr 
siot ANM Transfer Test was insignificant, the subgroups did 
ih iffer significantly with regard to mean performance on this 

- Hypothesis i.r.3. was, therefore, accepted. It could be 
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TABLE 4.17 


Significance of Difference Between Adjusted Means of 
Subgroups Ar, Br, Cr on Heuristic Transfer Test 


Subgroup Means t-value D.F. Level of 

Compared Significance 
Ar—Cr 0.899 42 nS. 
Br—Cr 9.392 42 р<.01 
Ат--Вг 8.152 42 р<.01 


inferred that relational style subgroup of Ausubel group perfor- 
med equally as its counterpart in the control group on Heuristic 
Transfer Test. 


t-value for mean difference of subgroups Br—Cr on Heu- 
ristic Tranfer Test was significant (p<.01). Hypothesis ii.r.3. 
was, therefore, rejected. Тһе mean difference was in favour of 
subgroup Br. Hence, it could be inferred that relational style 
subgroup of Bruner group performed significantly better than 
Its counterpart in control group on Heuristic Transfer Test. 

t-value for mean difference between subgroups Ar and Br 
was also significant (p<.01). Hypothesis iir.3. was, thus, 
rejected, Since mean difference was in favour of subgroup Вг, 
it could be inferred that relational style subgroup of Bruner 
group performed significantly better than relational style sub- 
group of Ausubel group on Heuristic Transfer Test. 


4.11.0, Descriptive Analysis of the Scores on 


Short-Term Retention Test 


Means and standard deviations of the scores on short-term 
retention test were computed for each group and its style-wise 
subgroups. Table 4.18 shows these descriptive statistics. 


4.12.0. Inferential Analysis of the Scores on Short-Term 
Retention Test for the Whole Groups A, B, C 


This analysis was done to test the major hypotheses I.4., 
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TABLE 4.18 


Means and Standard Deviations of the Three Groups and their 
Style-wise Subgroups on Short-Term Retention Test 


Group A B с 
y M 3.3514 6.4444 2.4727 
с 2.5300 1.4029 1.3302 
я м ~~ 29444 6.3846 pr m 
ҺАР ай 2.4608 1.9807 1.0000 
4 м 7 4400) Les: 1667 2.5000 
с 2.8810 0.7528 1,8708 
—ÁÁ—É 
а м 3.5000 6.5882 2.6875 
с 2.5646 1.0037 1.4705 


lcm m E жа жал ный a 


IL4, 111.4. For the sake of convenience these hypotheses have 
been restated. 
1.4. There is no significant difference between the mean 
performance of A and C on SRT. 

IL4. There is no significant difference between the mean 

performance of B and С on SRT. 

Ш.4. There is no significant difference between the mean 

performance of A and B on SRT. 

Bartlett’s test was applied to the data of groups A, B, Con 
Short-Term Retention Test. Computations yielded x2=19.552 
(D.F.—2). 

Since, y2=19.552> x2(2)=9.210 (p=.01), null hypothesis of 
equal variance was untenable. An assumption of ‘variance 
homogeneity’ was, thus, unfulfilled, thereby restricting proper 
interpretation of the results obtained from analysis of 
Covariance. 
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Nevertheless, analysis of covariance was carried out for the 
de pendent variable “Short-Term Retention” taking ‘Intelligence’ 
and ‘Concept Knowledge’ as covariates. 


Significant (p<.01) F-value 45.028 (D.F.=2, 106) for the 
treatment variable indicated that mean performance of the 
groups differed significantly on Short-Term Retention Test. 
Although F-values for the two covariates were insignificant, 
means of dependent variable were adjusted to cancel out 
differences on covariables, howsoever small, using regression 
coefficients, Adjusted means of the three groups A, B, C on 
Short-Term Retention Test were computed as 3,2450, 6.4662 
and 2.5566 respectively. 


In order to find the groups which differed significantly with 
regard to mean performance on Short-Term Retention Test, 
t-test was employed for testing the significance of difference bet- 
ween two adjusted means. Table 4.19 presents ¢-values for three 
pairs of adjusted group means compared and their significance. 


TABLE 4.19 


Significance of Difference Between Adjusted Means of 
Groups A, B, C on Short-Term Retention Test 


Group Means t-value D.F. Level of 

Compared Significance 
A—C 1.489 106 n.s. 
B—C 8.396 106 p<.01 
A—B 6.872 106 p<.0l 


. t-value for mean difference between groups А and C was in- 
significant. Hence, the two groups did not differ significantly 
with regard to mean performance on Short-Term Retention 
Test. Hypothesis I.4. was, therefore, accepted. It could be infer- 
red that the performance of Ausubel group was equivalent to 
that of control group on Short-Term Retention Test. 
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Significant (p—.0l) 1-уаше for mean difference between 
groups В апа C indicated that these two groups differed signi- 
ficantly with regard to mean performance on Short-Term Reten- 
tion Test. Hypothesis II.4. was, therefore, rejected. Since the 
difference was in favour of group B, it could be inferred that 
Bruner group performed significantly better than control group 
on Short-Term Retention Test. 


t-value for mean difference between groups А and B was 
also significant (p<.01), indicating thereby that there was signi- 
ficant mean difference between the performance of these two 
groups on Short-Term Retention Test. Hypothesis ПІ.4. was, 
therefore, rejected. The difference was in favour of group B. 
Hence, it could be inferred that Bruner group performed signifi- 
cantly better than Ausubel group on Short-Term Retention Test. 


4.12.1. Inferential Analysis of the Scores on Short-Term 
Retention Test for Categorical Style Subgroups 
of the Groups A, B, C 
This analysis was done to test the following minor hypo- 
theses : 
і.с.4. There is no significant difference between the mean 
performance of Ac and Cc on SRT. 
ii.c.4, There is no significant difference between the mean 
performance of Bc and Cc on SRT. 
lii.c.4, There is no significant difference between the mean 
performance of Ac and Bc on SRT. 
: Bartlett's test was applied to the data on Short-Term Reten- 
tion Test for the subgroups Ac, Bc, Cc to check the assumption 
Of ‘variance homogeneity. Computations yielded 73--17.269. 


Since, 72--17.269>742)--9.210 (p=.01), the assumption 
of ‘variance homogeneity’ was not satisfied. Nevertheless, analy- 
Sis of covariance was carried out for the dependent variable 
“Short-Term Retention” taking ‘Intelligence’ and “Concept 
Knowledge’ as covariates. 


Since F-value 15.373 (D.F.=2, 42) for the treatment vari- 
able was significant (p<.01), mean performance of the sub- 
groups differed significantly on Short-Term Retention Test. 
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Although F-values for the two covariates were insignificant, 
differences, howsoever meagre, on these variables were neutraliz- 
ed by adjusting the means of dependent variable using regression 
coefficients. Adjusted means of the three subgroups Ac, Bc, Cc 
on Short-Term Retention Test were computed as 2.8822, 6.4172 
and 2.2935 respectively. 


In order to find the subgroups which differed significantly 
with regard to mean performance on Short-Term Retention Test, 
t-test was employed for testing the significance of difference 
between two adjusted means. Table 4.20 presents t-values for 
three pairs of subgroup means compared and their significance. 


TABLE 4.20 


Significance of Difference Between Adjusted Means of 
Groups Ac, Bc, Cc on Short-Term Retention Test 


— a oo oM 


Subgroup Means t-value D.F. Level of 
Compared Significance 


Ас-Сс 0.757 42 n.s. 
Bc—Cc 4.879 42 р.<.01 
Ас-Вс 4.290 42 р.<.01 


ы o eumd i а. 8 


t-value for mean difference between subgroups Ac and Сс оп 
Short-Term Retention Test was insignificant. Hence, the sub- 
groups did not differ significantly with regard to mean perfor- 
mance on Short-Term Retention Test. Hypothesis i.c. 4. was, 
therefore, accepted. It could be inferred that categorical style 
subgroup of Ausubel group performed equally as its counter- 
part in control group on Short-Term Retention Test. 


Since t-value for mean difference between subgroups Bc and 
Cc was significant (р<.01), these two groups differed signifi- 
cantly with regard to mean performance on Short-Term Reten- 
tion Test. Hypothesis ii.c.4, was, therefore, rejected. Mea? 
difference was in favour of subgroup Bc. Hence, it could be 
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infer i 
E that те style subgroup of Bruner group рег 
Significantly better than its co i 1 
unterpart in 
&roup on Short-Term Retention Test. M 


nom (р<.01) t-value for mean difference between sub- 
à crede Bc indicated that mean performance of these 
senile. Н 53е Short-Term Retention Test differed signifi- 
dire os jesis iii.c.4. was, therefore, rejected. Since the 
i was in favour of subgroup Bc, it could be inferred 
Aann н style subgroup of Bruner group performed sig- 
c: y betterthan categorical style subgroup of Ausubel 
up on Short-Term Retention Test. 


4. А 
12.2. Inferential Analysis of the Scores on Short-Term 
Retention Test for Descriptive Style Subgroups 
of the Groups A, B, C 


This a i қ қ 
йыш nalysis was done to test the following minor hypo- 


i.d.4, There is no significant difference between the mean 
А performance of Ad апа Cd оп SRT. 
ii.d.4, There is no significant difference between the mean 
Е performance of Bd and Cd on SRT. 
iii.d.4, There is no significant difference between the mean 
performance of Ad and Bd ор SRT. 


4 Bartlett’s test applied to the data of subgroups Ad, Bd, Cd 
9» Short-Term Retention Test yielded 2*—6.289«x'2) 9.210 
P=.01) indicating variance homogeneity. 

s carried out for the dependent 


Analysis of covariance wa 
king "Intelligence and *Con- 


vari 4 ЕА 
oo “Short-Term Retention” ta 
ері Knowledge’ as covariates. 

r the treatment variable was 


F-value 4.860 (D.F.—2, 12) fo 
bgroups differed significantly 


Significant (p.05). Hence, the su 
With regard to mean performance on Short-Term Retention 


Test. F-value for the covariates Were insignificant. However, to 
annul even small differences on these variables, the means of 
dependent variable were adjusted using regression coefficients. 
Adjusted means of the three groups А4, Bd, Cd on Short-Term 
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Retention Test were computed as 4.3307, 6.1993 and 2.5251 
respectively. 


In order to identify subgroups which differed significantly : 
respect of mean performance on Short-Term Retention Tes , 
t-test was employed to test the significance of difference between 
the adjusted means. Table 4.21 presents t-values for the three 
pairs of subgroups means compared and their significance. 


TABLE 4.21 


Significance of Difference Between Adjusted Means of 
Subgroups Ad, Bd, Cd on Short-Term Retention [est 


Subgroup Means t-value D.F, Level of 
Compared Significance 
——— SERRE 
Ad—Cd 1.400 12 ns 
Bd—Cd 2.998 12 p«.05 
Ad—Bd 1.449 12 n.s 


Since t-value for mean difference between subgroups ie 
and Cd was insignificant, the groups did not differ significant y 
with regard to mean Performance on Short-Term Retention 
"Test. Hypothesis i.d 4, was, therefore, accepted. It could be e 
ferred that performance of descriptive style subgroup of Aum 
Broup was equivalent to that of its counterpart in contro 
-group on Short-Term Retention Test. 


t-value for mean difference 
was significant (p.05). 
Significantly with regard to 
Retention Test, Hypothesis 
rence was in favour of subgr. 
red that descriptive Style su 
significantly better than it 
Short-Term Retention Tes 


Since t-value for mean difference between subgroups a 
and Bd was insignificant, the subgroups did not differ signi 


between subgroups Bd and 
The subgroups, therefore, ee 
mean performauce on Shu і 
ii 4.4. was, thus, rejected. Te D 
oup Bd. Hence, it could be in e 
bgroup of Bruner group performe 


on 
5 counterpart in control group 
t. 
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DW with regard to mean performance on Short-Term Reten- 

a p iíi.d.4. was, therefore, accepted. It could 

fps that descriptive style subgroups of Ausubel and Bru- 
ups performed equally on Short-Term Retention Test. 


4.12.3. Inferential Analysis of the Scores on Short-Term 
Retention Test for Relational Style Subgroups 
of the Groups А, B, C 


Ro. analysis was done to test the following minor hypo- 
i.r.4. There is no significant difference between the mean 
. performance of Ar and Cr on SRT. 
iir.4, There is no significant difference between the mean 
А performance of Br and Cr on SRT. 
lii.r.4, There is no significant difference between the mean 
performance of Ar and Br on SRT. 
5 Applying Bartlett's test to the data of subgroups Ar, Br, Cr 
n Short-Term Retention Test yielded 0211.424 (D.F.—2). 


Since, ¥2=11.424>72(2) 29.210 (p=.01) null hypothosis of 
qual variance was rejected, that is, an assumption of 'variance 
Omogeneity was not satisfied. 


4 Nevertheless, analysis of covariance was carried out for the 
a rendent variable “Short-Term Retention” taking "Intelligence" 
‘ 5 
nd ‘Concept Knowledge’ as covariates. 


_ E-value 2 2.665 (D.F.=2, 42) fur the treatment variable was 
Significant (p<,01) which indicated that significant mean diffe- 
Tences existed between the subgroup with regard to performance 
EA Short-Term Retention Test. F-value 11.440 (D.F.=1, 42) for 
сон 1 (intelligence) was significant at .01 level and F- 
и а (D.F.—1, 42) for covariate 2 (concept knowledge) 
мия Significant at .05 level. Hence, differences on these cova- 
d les were neutralized by computing adjusted means for the 

pendent variable using regression coefficients. Adjusted 
Means of subgroups Аг, Br. Cr оп Short-Term Retention Test 
Were computed as 3,2412, 6.4996 and 3.0489 respectively. 


In order to find subgroups which differed significantly with 
regard to mean performance on Short-Term Retention Test, 
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t-test was employed for testing the significance of difference bet- 
ween two adjusted means. Table 4.22 presents t-values for three 
pairs of adjusted subgroup means compared and their signifi- 
cance. 


TABLE 4.22 


Significance of Difference Between Adjusted Means of 
Subgroups Ar, Br, Cr on Short-Term Retention Test 


Subgroup Means t-value D.F. Level of 

Compared Significance 
Ar—Cr 0.322 42 п.5. 
Br—Cr 5.942 42 р<.01 
Ar—Br 5.408 42 р<.01 


ЕЕЕ Ель Ё 


t-value for mean difference between subgroups Ar and Cr 
was insignificant, Hence, these two subgroups did not differ 
significantly with regard to mean performance on Short-Term 
Retention Test, Hypothesis i.r.4, was, therefore, accepted. It 
could be inferred that relational style subgroup of Ausubel 


group performed equally as its counte; i 
rpart in control group 0D 
Short-Term Retention Test. ve 


Since t-value for mean difference between subgroups Br and 


Cr was Significant ( 0 i 
< P<.01), these two i igni- 
ficantly with regard tg Ud Subgroups differed sig 


tion Test, Hypothesis ij.r. 


Significant (р<.01) t- 
subgroups Ar and Br indic 
Significantly with regard t 
Retention Test. 
Since mean differen 
be inferred that rel 


value for mean difference between 
ated that these two subgroups differed 
0 mean performance on Short-Term 
Hypothesis jii.r.4, was, therefore, rejected. 
Се was in favour of subgroup Br, it could 
ational style subgroup of Bruner group рег” 
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formed signific: 

antly better than relational style sub: 
Ausubel group on Short-Term Retention diet. "e 


4.13.0. Descriptive Analysis of the Scores on Long-Term 
Retention Test (LRT) 
Masc d pe Standard Deviations of the sc 
E est (LRT) were computed for each gro 
yle-wise subgroups. Table 4.23 shows these 
Statistics, 


ores on Long-Term 
up and its 
descriptive 


TABLE 4.23 


ра and Standard Deviations of the Three Groups and 
heir Style-wise Subgroups on Long-Term Retention Test 


euE 
Group À B c 
MN С 
y M 3.0270 5.7056 1.8158 
5 1.3014 2.0538 0.9824 
а M 3.5000 5.6154 1.8125 
с 1.4246 5.0223 0.8342 
4 M 2.6000 3.667 2.0000 
Es ди 0.8944 2.2509 1.0954 
3 M 2.5714 5.6471 1.7500 
2 1,0894 2.0238 1.5916 


9 ü "ee 


the Scores on Long-Term 

Whole Groups A,B,C 

or hypotheses L5., 
se hypotheses have 


4.14.0 Inferential Analysis of 
Retention Test for the 
i д analysis was done (о test the maj 
" .5., ILLS. For the sake of convenience the 
een restated. 
1,5, There is no significant difference between the mean 
performance of A and C on LRT. 
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IL5. There is по Significant difference between the mean 
performance of B and C on LRT. 


II.5. There is no significant difference between the mean 
performance of A and B on LRT. 


Applying Bartlett’s test to the data of groups A, B, C on 
Long-Term Retention Test yielded 72--11,928 (D.F.—2). 


Since 77--П,928<752)-9.210 (p— 91) null hypothesis of 
equal variance was untenable. An assumption of ‘variance 
homogeneity’ Was not satisfied. This has put some restriction 


on the interpretation of Tesults obtained from analysis of 
Covariance, 


Nevertheless, analysis of covariance was carried out for the 
dependent variable “Long-Term Retention” taking ‘Intelligence’, 
Concept Knowledge’ and ‘Short-Term Retention’ as covariates. 


, Fvalue 14.930 (D.F.=2, 105) for treatment variable was 
Significant (p=.01). Hence, Significant differences between 
mean performance of the groups on Long-Term Retention Test. 
› 10°) for the Covariate 3 (Short-Term 
Dt (p<.05) which indicated that the 


ent variable, Regression coeffi- 
Covariates were used for the purpose. 

© three groups А, B, C on Long-Term 
Retention Test were 


: on Long-Term Retention Test, t-test. 
T testing significance of difference between two 


adjusted means, t-values for the three pairs 
of group means compared and their Significance, 


Since t-value for mean difference between groups А and С 
Was insignificant, these two groups did not differ significantly 


With regard to mean Performance on Long-Term Retention Test. 
Hypothesis 1.5, Was, therefore, accepted. It could be inferred 
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TABLE 4.24 


Significance of Difference Between Adjusted Means oi Groups 
А, B, C on Long-Term Retention Test 


cian Means t-value D.F. Level of 

ompared Significance 
A—C 1.654 105 n.s. 
В-с 6.386 105 р<.01 
А-В 4.713 105 р<.01 


fo the performance ot Ausubel group on Long-Term Retention 
Was equivalent to that of control group on the same test. 

between the performance of 
Term Retention Test was signifi- 
ere was significant diffe- 
о groups on Long- 


t-value for mean differenc 
&roup В and group С on Long- 
E (р<.01). This indicated that th 
5 се between mean performance of these tw ] 
TM Retention Test. Hypothesis II.5. was, therefore, rejected. 
ee mean difference was in favour of group B, it could be іп- 
à Tred that Bruner group performed significantly better than 

ontrol group on Long-Term Retention Test. 

Significant (p<.01) t-value for mean difference between 
up A and B indicated that these two groups differed signi- 
ed in respect of mean performance on Long-Term Reten- 

jon Test. Hypothesis Ш.5. was, therefore, rejected. Since mean 

difference was in favour of group В, it could be inferred that 

E group performed significantly better than Ausubel grouP 
Long-Term Retention Test. 


4.14.1. Inferential Analysis of the Scores on Long-Term 
Retention Test for Categorical Style Subgroups 
of the Groups A, B, C 


This analysis was done to test the following minor hypo- 


eses 


i.c.5, There is no significant difference between the mean 
performance of Ас and Cc on LRT. 
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ji.c.5. There is no significant difference between the mean 
performance of Bc and Cc on LRT. 


iiic.5. There із no significant difference between the mean 
performance of Ac and Bc on LRT. 


Applying Bartlett's test to the data of subgroups Ac, Bc, Cc 
on Long-Term Retention Test yielded 72—51.046 (D.F.—2). 


Since #=51.046>72(2)=9.210 an assumption of ‘variance 


homogeneity’ (p=.01) was not satisfied; thereby restricting 
interpretation of results from analysis of covariance. 


Nevertheless, analysis of covariance was carried out for the 


‘dependent variable “Long-Term Retention” taking ‘Intelligence’, 


“Concept Knowledge’ and ‘Short-Term Retention’ as covariates. 


Since F-value 10.273 (D.F. 
was significant (р<.01) 
with regard to mean peri 


—2, 41) for treatment variable 
, the subgroups differed significantly 
formance on Long-Term Retention Test. 
F-values for covariates 1 and 2 Were insignificant but that 7./26 
(D.F.=1, 41) for covariate 3 was significant (p<.01). In order 
to cancel. out differences on covariable 3 and also those on 
covariables 1 and 2 (though meagre), means of dependent 
variable were adjusted using regression coefficients. Adjusted 
means of the three Subgroups Ас, Bc, Сс on Long-Term 


Retention Test were computed as 3.8019, 4.9484 and 2,0149 
respectively, 


_ In order to find the Subgroups which differed significantly 
with regard to mea 


n performance on Long-Term Retention Test, 
t-test was employed for testing the significance of difference 
between two adjusted means, Table 4.25 presents t-value for 


three pairs of subgroup means compared and their significance. 


TABLE 4.25 
Significance of Difference Between Adjusted Means of 
Subgroups Ac, Вс, Сс on Long-Term Retention Test 
Subgroup Means 


t-value D.F. Level of 
Compared Significance 
c—— A 
Ac—Cc 3.388 41 р<.01 
Bc—Cc 5.117 41 р<.01 
Ас—Вс 2.052 41 р<.05 


IG D ae ағуда MEN ИРЕР 
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Significant (р<.01) t-value for mean difference between 
subgroups Ac and Cc indicated that the subgroups differed 
significantly with regard to mean performance on Long-Term 
Retention Test. Hypothesis і.с.5. was, therefore, rejected. 
Mean difference was in favour of Ac. Hence, categorical style 
subgroup of Ausubel group performed significantly better than 
its counterpart in control group on Long-Term Retention Test. 


Significant ! р<.01) t-value for mean difference between 
subgroups Bc and Cc indicated that mean performance of these 
two groups was significantly different on Long Term Retention 
Test. Hypothesis 7i.c.5. was, therefore, rejected. Mean difference 
being in favour of subgroups Вс, it could be inferred that cate- 
gorical style subgroup of Bruner group performed significantly 
better than its counterpart in control group On Long-Term 
Retention Test. 


t-value for mean difference between subgroups Ac and Bc 
was significant (р<<:05). Hence, mean performance of these two 
Subgroups was significantly different on Long-Term Retention 
Test. Hypothesis iii.c.5. was, therefore, rejected, Mean difference 
was in favour of subgroup Be. Hence, it could be inferred that 
Categorical style subgroup of Bruner group performed signifi- 
cantly better than categorical style subgroup of Ausubel group 
on Long-Term Retention Test. 


4.14.2, Inferential Analysis of the Scores on Long-Term 
Retention Test for Descriptive Style Subgroups 
of the Groups A, B, C 


This analysis was done to test the following minor hypo- 


theses : 
ant difference between the mean 


1.4.5. There is по signific 
nd Cd on LRT. 


performance of Ad a! 

ii.d.5. There is no significant difference between the mean 
performance of Bd and Cd on LRT. 

iii,d.5. There is no significant difference between the mean 
performance of Ad and Bd on LRT. 


t to the data of subgroups Ad, Bd, Cd 


Applying Bartlett’s tes 
4.114 (D.F.—2). 


on Long-Term Retention Test yielded = 
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Since X5—4.1422(2)—5.991( 
Variance was accepted, that 
homogeneity? was satisfied. 


P=.05) null hypothesis of equal 
is, an assumption of 'variance 


Analysis of covari 
“Long-Term Retent 
ledge’ and ‘Short-Te 


ance was carried out for dependent variable 
ion” taking ‘Intelligence’, ‘Concept Know- 
erm Retention’ as covariates. 


F-value 0.442 (D.F.=2, 11) for the treatment variable was 


insignificant, indicating thereby that the subgroups did not 
differ Significantly with Iegard to mean performance on Long- 
Term Retention Test. Employment of t-test for testing signifi- 
cance of difference between two adjusted means was, ne 
Tedundant. Mean Performance of any of the three pairs 0 


Subgroups could be treated as equivalent. Consequently, hypo- 
theses id.5., ii.d.5., and iiid 5, Were accepted, 


4.14.3. Inferential Analysis of the Scores of Long-Term 


Retention Test for Relational Style Subgroups 
of the Groups А,В,С 


This analysis was done to test the following minor hypo- 


theses : 


i n 
ifference between the mea 


Cr on LRT. 

li.r.5. There is по significant difference between the mean 
Performance of Br and Cr on LRT. 

li.r.5. There із DO significant difference between Ше mear 
Performance of Ar and Cr on LRT. 


ata of subgroups Ar, Br, Cr on 
d 25—5.2819 (D.F.—2). 


Since, 155.2819 1:2) 5.991 (P—.05) null hypothesis of 
€qual variance was accepted, that is, an assumption of ‘variance 
homogeneity? was Satisfied. 


Analysis of Covariance was, then, carried out for the depen- 
dent variable “Long-Term 


Retention” taking ‘Intelligence’s 
"Concept Knowledge? and ‘Short-Term Retention’ ав cova- 
Tiates, 


F-value 11.55] (D.F. 


—2, 41) for the treatment variable was 
Significant (p< .9]), 


This indicated existence of significant 
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E between the performance of the three groups 
im ng-Term Retention Test. Although F-values for all the 
enl 5.1 were insignificant, differences on these variables, 
^. coim small, were annulled by computing adjusted means 
bm а ram variable using regression coefficients. Adjusted 
510066 e three groups Ar, Br, Cr were computed as 2.6288, 
nd 1.9616 respectively. 
T» edi to identify subgroups which differed significantly 
biu gard to mean performance on Long-Term Retention Test, 
бере employed for testing the significance of difference 
en n two adjusted means. Table 4.26 presents the t-values 
dis ree pairs of adjusted subgroup means compared and their 
Significance. 
TABLE 4.26 
Significance of Difference between Adjusted Means 
of Subgroups Аг, Вг, Cr on Long-Term 
Retention Test 


EE 


S 

жақы; Means t-value D.F. Level of 
Ar—Cr 1.100 41 n.s 
Br—Cr 5.955 4l р<.01 
Ar—Br 4.632 4l р<.01 


Wà ‘value for mean difference between subgroups Ar and Cr 
S insignificant, indicating thereby that the subgroups did 


Not di man 
t differ significantly with regard to mean performance on 
5. was, therefore, 


саста Retention Test. Hypothesis ir. 
hoe: It could be inferred that relational style subgroup of 
grou el group performed equally as its counterpart 1n control 
P on Long-Term Retention Test. 
fference between subgroups Br and 
se two groups differed signifi- 
formance on Long-Term Reten- 
therefore, rejected. Mean 
Hence, it could be 


Cr ein tvalue for mean di 
сапр 5 significant (р<.01). the 
бав LM regard to mean per 
difere est. Hypothesis iir.5. Was, 

nce was in favour of subgroup Br. 
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inferred that relational style subgroup of Bruner group Lee 
ed significantly better than its counterpart in control group 
Long-Term Retention Test, А 

Significant (p<.01) t-value for mean difference а 
Subgroups Ar and Br indicated that these two subgroups Steal 
Significantly with regard to mean performance on ae dns 
Retention Test, Hypothesis ifi.r.5, was, therefore, rej "ps 
Mean difference being in favour of subgroup Br, it cou ^ 
inferred that relational style Subgroup of Bruner group ee 
formed Significantly better than relational style subgroup 
Ausubel group on Long-Term Retention Test. 


4.15.0. 


4.16.0 Bird's Eye.view of Results 
Results Obtained from 
tabulated in Table 4,28, 

conclusion, results have bee: 
‘Criterion-wise, 


een 
inferential analyses Puedes of 
In order to facilitate drawi e 
n classified both objective-wise 
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CHAPTER V 


Discussion and Implications 


— 


——— 


5.0.0. Prologue 


_ It might be recalled that the present study was undertaken 
With four basic purposes : 


(1) to ascertain efficacy of Ausubel strategy; 
Q) to ascertain efficacy of Bruner strategy; 


(3) to assess relative effectiveness of the two strategies, 
thereby attempting to throw some light on the long- 
standing expository-discovery dilemma; and 


(4) to estimate differential effects of conceptual style pre- 
ferences on the acquisition of mathematical concepts. 
under the two strategies. 


In order to observe how far these purposes have been served,. 
Tesults obtained from analyses of the data have been discussed 
In the present chapter. Since the study was conducted in actual 
Classroom situation, it has specific implications for classroom 
teaching of mathematical concepts. These have been delineated 
in brief. The study does not claim to furnish final answers 10 
the questions raised. Quite a few inadequacies still remain. 

hile trying to answer some questions, others have cropped 
UP- A few suggestions for further research in this area have, 
therefore, been put forth. 


51.40. Efficacy of Ausubel Strategy 


lt was seen from the results of this study (section 4.16.0.) 
that Ausubel group performed significantly better ір<.01) than 
control group on ‘Concept Knowledge Test and ‘Concept. 
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to eleventh grade students, so far as acquiring knowledge of the 
concepts was concerned. Students taught by Ausubel strategy 
performed significantly better (P<.05) than those taught by 
Bruner strategy on *Concept Transfer Test ; whereas, students 
taught by Bruner strategy performed significantly better (p<.01) 
than those taught by Ausubel strategy on ‘Heuristic Transfer 
Test’, ‘Short-Term Retention Test’ and ‘Long. Term Retention 
Test. Thus, it could be concluded that Ausubel strategy WaS 
superior to Bruner strategy in enhancing transfer of the con- 
cepts learnt, but for training in transfer of heuristics and for 
increasing student's ability to retain knowledge of the concepts 
learnt for short as well as long time, Bruner strategy was supe 
rior to Ausubel strategy. 


The result of this study, in respect of knowledge criterio?» 
agrees with som: of the recent findings. Grabber (1974), Кіпе 
(1976) and Marine (1977) found no significant differences 
between their treatments when desired outcomes were under 
Standing, identification and immediate recall of the concepts» 
Tespectively. For other criteria, however, the results Were 
contrasting. Grabber’s (1974) study indicated superiority © 
"deductive-expository' method for long.term retention ins 
‘science’ concepts; and King (1976) found no significant dife 


Tences between his treatments on the criteria of ‘transfer’ ап 
‘delayed retention’, 


not only the employment of full-fledged models (develop? 
into strategies) was 


designed ‘Observer’ 


Validity of results 0 


in 
4 hould, however, be held M 
question, due to relatively low reliability (r—0.554) of «Сопсер 


5.3.1, Searchlight on Expository-Discovery Dilemma 


i t 
Having accepted the Proposition of this study to represe” 
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expository method by Ausubel strategy and discovery method 
by Bruner strategy, it would be interesting to observe some 
earlier findings about expository-discovery controversy in the 
light of results obtained from this study. 


It has been observed that the results of this study on the 
criterion of ‘concept knowledge’ tend to support earlier findings 
of Loomer (1976), Tate (1978), Jolly (1978), Putt (1979) and 
Cantor (1982). These researchers found that expository and 
discovery approaches were equally effective for enhancing 
Students’ ability to acquire knowledge of the concepts. Findings 
of Worthen (1968) and Olander and Robertson (1973) showing 
Superiority of expository approach over discovery approach 
have not been corroborated by the present study. 


On the criterion of ‘concept transfer’ result of the present 


study agrees with that of Francis (1975) in which he has shown 


the superiority of expository approach for the purpose. Wor- 
hat expository and discovery 


then (1968), however, indicated t 
approaches were equally effective for transfer of mathematical 
— Finding of this study does not support this conten- 
lon, 
to have used ‘heuristic transfer’ as 
Criterion was that of Worthen (1968) іп which he showed 
Superiority of discovery method over expository method for 
transfer of heuristics. The result of this study corroborates the 
finding. It further substantiates Suchman's (1964) pointer that 
training of inquiry skills in discovery lesson might lead to 
difference in favour of discovery learning", since such a training 
Was an integral part of Bruner strategy. 


Only study that seems 


In respect of short as well as long term retention, the results 
of this study are in favour of Worthen (1968) and Olander and 
Robertson (1973). These investigators found that discovery 
Approach was more effective than expository approach for the 
Purposes, Finding of Loomer (1976) indicating equal effective- 


Dess of the two approaches and that of Francis (1975) showing 


Superiority of expository approach in enhancing retention have 


Not been supported by the present study. 
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f 
Although agreements and disagreements of won 
present study with those carried out in гесепі past e 
briefly described in the above paragraphs, it must be m levet 
here that the studies greatly differed in respect of oF ies fact 
and concepts taught so also in treatments, in spite pe 
that they were designated by the common мене. кент. 
and discovery. Any generalization, therefore, seemed u pe. 
But because of careful designing of the present sway, hlighted 
be said with reasonable confidence that the study hig acd 
€qual effectiveness of the two approaches for а and 
sition, superiority of expository approach for ұзын Ke. 
Superiority of discovery approach for heuristic кетті. | 
short as well as long term retention, while teaching ma (ty did 
Cal concepts of set, relation, function, limit, continu € 
derivative to eleventh grade students, provided Ausubel s 


as discovery 
was used as expository method and Bruner strategy as dis 
method. 


5.4.0 Effects of Conceptual Style Preferences 
In order to Observe the 
the data for Categorical, de 


Е аин É actions 
Strategies. Tt may be recalled that investigation of intera 
was beyond the 


factorial experiment, 


54.1. Impact of Categorical Style Preference 
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b In respect of comparison between Bruner group and 
em group, the results for categorical style subgroups 
incided with those for the whole groups on all criterion 
measures. 
roup over Bruner group on the 
^ was not maintained by their 
1 style perference. 


E _ Superiority of Ausubel g 
Lo of ‘concept transfer 
" 4 : ; 
spective subgroups with categorica 


5.4.2. Impact of Descriptive Style Preference 


TN for the whole groups, descriptive 
o ge of Ausubel group Jost superiority over its 
eee трак іп control group on all three criteria: knowledge, 
а" and heuristic transfer. Descriptive style subgroup of 
Ponto group also lost superiority over its counterpart 10 
facia group on the criteria of knowledge and long-term 
^ ion. Comparison between descriptive style subgroups 0 

usubel and Bruner groups also showed different results from 
those for the whole groups оп the criteria On transfer, short- 


t à в 
erm retention and long-term retention. 


In comparison with results 


Style Preference 


oups, relational style 
counter- 


5.4.3. Impact of Relational 


As compared to results for the whole gr 
jority Over its 


subgroup of Ausubel group lost super 

a in control group on ‘transfer’? and ‘heuristic transfer’- 
г. for relational style subgroup of Bruner group did not 
iffer from those for the whole groups. Comparison between 
relational style subgroups of Ausubel and Bruner groups 
showed different results from those for the whole groups only 


on? iie 
n ‘transfer’ criterion. 


5 
4.4, Differential Effects of the Three Conceptual 
Style Preferences 
impact of different 


tion of mathematical 


gies it appears that 
p of 


E the foregoing description of the 
LM style preferences on the acquist 
(ence by Ausubel and Bruner strate 
| oien style subgroup and relational style subgrou 
iiie group produced results which were exactly similar to 
M for the whole groups on all criteria. Descriptive style 

group of Bruner group gave different results only on 
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perhaps, due to small Size (N=5) of the s 


ег group could, thus, 
One is, therefore, inclined 5 
tial effect of conceptual i 

Students taught by Brun 
‘strategy, 


however, categorical style 
Sults than the whole group 


group has shown marked M 
ious criteria as compared to that o Nis 
Whole group. This seems to indicate that Ausubel -— BM 
Particularly Suitable to the Students with categorica. e 

Style preference, thus, appeared uh by 
differentia] effect оп the performance of students taug a 
tching of categorical style ac. 
ould, perhaps, be attributed to the pi 
» in which students are required to "m 
vance organizer, ог, in other words, 
Cepts in a given hierarchy. 


Robbinson and Gray (1974 
(categorica]) Style was the better 
mathematica] concepts”, The r 
support this contentio 


be reiterated that o epts 
style preference on quisition of mathematical conc 
Was among the Subsidi 


ES tial 
) reported that, “inferen m 
Predictor of germ е) 
esults of this study see 


ver. 
n to some extent, It Should, however. 
bservin 


as 
refore, be aie 
rmatory evidence с 


: this 
actorial study designed specially for 
Purpose, 
5.5.0 Implications for Teaching 
4 for 
The study seems to hold the following implications 
teaching math 


in the frame of experimental Setting: 
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1. Ausubel's Advance Organizer Model and Bruner's 
Concept Attainment Model should form integral parts 
of the methodology used for teaching mathematical 
concepts to eleventh grade students. 


2 To the extent that students’ ability to acquire knowledge 
of the concepts is the only valued outcome of instruc- 
tion, either Ausubel strategy or Bruner strategy could 
be used equally effectively. 


3. To the extent that students" ability to transfer know- 
ledge of the concepts, in similar situation, forms an 
additional objective of instruction, Ausubel strategy 
may be preferably used. 

4. To the extent that students’ ability to acquire knowledge 
of the concepts and their heuristic transfer in discover- 
ing new relationships are the desired objectives of 
instruction, Bruner strategy may be preferably used. 


5. To the extent that students' ability to retain knowledge 
of the concepts for a short as well as long period of 
time is an important objective of instruction, Bruner 
strategy may be preferably used. 

6. Students’ ‘Conceptual Style Preferences’ should be taken 
into account while making the choice. of a strategy. 
Ausubel strategy seems to be useful mainly for categori- 
cal style students. Bruner strategy may be used for a 


mixed class. 


5.6.0. Suggestions for Future Research 
Following are the few suggestions for future research in this 
area : 


1. Replication of this study should be conducted at Rr 
grade levels and for different concepts at the same grade leve 
to test the generalizability of its conclusions. 

2. The study may also be replicated for the sample of girl 
‘students to observe the effect of sex variable on its results. 


usubel strategy needs t 
fer Test". 


ked 
„3. Effectiveness of Ai o be checke 
using more reliable *Concept Trans 
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4. Efficacy of Ausubel strategy for short as well as long 


i i at 
term retention may be retested using advance organizers 
more abstract level, 


i te 
5. While ascertaining the effectiveness of Bruner м. 
оп thecriteria of ‘concept transfer’ and ‘heuristic tran , 


i i d be 
carry-over effect of instruction by this strategy shoul 
removed. 


ive- 
6. Separate Study may be conducted to test the pee 
Dess of Bruner Strategy using ‘selection oriented’ and ‘u 


inment 
ganized material’ forms of Bruner’s Concept Attainm 
Model. 


7. Nurturant effec 
in addition to instructi 


А the 
8. Perceptual changes in students on being taught by 


: z ; ntial 
two strategies could be studied using semantic differe 
Scale. 


: ied 
ts of the two strategies could be studi 
onal effects. 


i i і іп а 
9. Process objectives of instruction may be included 
study investigating the effectiveness of the two strategies. 


с be 
10. Teacher behaviours under the two strategies could 


ma ОҒ 
analysed on careful recording and subsequent transcription 
the lessons taken by these t 


1. 
interacti 


Wo strategies. 


ud 
A factorial experiment Should be conducted to study 


P wo 
ons of conceptual Style preferences with the t 
Strategies of teaching involved in this study. 


CHAPTER VI 


Summary and Conclusions 
— Sana ——Q——M MH À1 


6.0.0. The Problem 


Instructional strategies devised by mathematics educators to 
teach mathematical concepts could be broadly classified as: 
(1) expository and (2) discovery. Expository presentation has 
been advocated by Ausubel (1968) and to some extent support- 
€d by Gagne (1965) and Skemp (1971). Proponents of discovery 


presentation include Polya (1948), Piaget (1950), Bruner (1966) 
and Dienes (1963). 

Extensive research has been done on 
of expository and discovery methods for the teaching of 
mathematics. But inadequacies pointed out by Wittrock (1966), 
Bittinger (1968) and Gustafsson (1973) vitiated previous 
research in this area to such an extent that Cronbach (2966) 
and Traverse (1973) suggested to put aside this polemic 
question. One would, however, be inclined to agree with 
Cantor (1982) when he remarked that, *The problem appears 
to have sufficient pedagogical and theoretical importance to 
justify further attempt to shed new light on the matter.” 

One of the probable reasons for inconclusive research 
evidence in this area, according to this investigator, was а 
Piecemeal approach adopted by previous researchers. Ap 
eclectic approach covering all important dimensions of expost- 
tory and discovery presentations was, therefore, expected to 


bring forth some new evidence. 


the relative efficacy 


Models of teaching developed by Joyce and Weil (1972) 
Paved the way for conducting such research. Advance 
Organizer Model of David Ausubel and Concept Attainment 
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i f 
Model of Jerome Bruner stood for choicest ae ME ami 
expository and discovery presentations respectively. Nei 
Joyce (1978) Suggested that these two models w 
concerned with acquisition and retention of concepts. 


, 1 
Review of research revealed that studies on мет Енея 
produced conflicting evidence about facilitating e inate 
advance organizer on learning and retention. A 5 
studies also appeared to necessitate further substantia his 
few comparative Studies such as those of Grabber Fp аа 
(1976), and Marine (1977) did not seem to have strictly > em 
to the tenets of either Ausbel's model or Bruner's € Tiger: 
dence in Tespect of relative effectiveness of these two Mos uiis 
the acquisition of mathematica] Concepts was, thus, ie i of 
ing. The researcher has, therefore, undertaken the pro irre 
"Evaluating Differentia] Effectiveness. of Ausubel ang 
Strategies for Acquisition of Concepts in Mathematics". 


6.1.0. Objectives Р 
НЕ Pectives 0 
Following were (һе Principal and Subsidiary objectives 
the study : 


Princizal Objectives . 


А : subel 
Parative effectiveness of Aus of 
А à eru 
tional one on the various criteri 


iii ; А : пег 
(iii) To ascertain relative effectiveness of Ausubel and Br od 
Strategies on the Various criteria of concept acquisi 

in mathematics, 


Subsidiary Objectives : 
in the 
Ctiveness of Ausubel strategy in 


for 
Pts іп mathematics, sopane 
tent conceptual style preferences» 
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acquisition of concepts іп mathematics, separately for 
the students of different conceptual style preferences. 


(iif) To ascertain relative effectiveness of Ausubel and 
Bruner strategies in the acquisition of concepts in 
mathematics, separately for the students of different 


conceptual style preferences. 


6.2.0. Sample 


The sample consisted of three intact sections of eleventh 
grade chosen from higher secondary schools of Nagpur city оп 
the basis of their comparability in respect of size, average age, 
mean-score in mathematics at S.S.C. examination and variabi- 
lity of these scores. Treatments were randomly {assigned to 
these three sections which formed the experimental groups. The 
group taught by Ausubel strategy contained thirty-seven 
Students; the group taught by Bruner strategy contained thirty- 
Six students; and the control group taught by traditional 


strategy contained thirty-eight students. 


6.3.0. Material 

n from the mathematics syllabus. 
Prescribed by the Maharashtra State Board of Higher Secon- 
dary Education for eleventh grade students of science stream. 
Twenty-five lessons were prepared by each of the three strate- 
gies, involving the concepts and their subconcepts. Lessons of 
Ausubel strategy followed the operational form of Ausubel’s 
Advance Organizer Model; lessons of Bruner strategy followed 
the operational form of Bruner’s Concept Attainment Model; 
and those of traditional strategy followed traditional method of 


teaching mathematical concepts in higher secondary schools. 


Six concepts were chose 


Raven’s Standard Progressive Matrices were chosen for 
the measurement of intelligence. Cognitive Style Test developed 
by Robinson and Gray (1974) was suitably adapted DY bes 
researcher for the identification of conceptual style preferences. 
Previous Knowledge Test and all other criterion tests 11 
developed by the researcher. Table 6.1 depicts validity ап 


reliability coefficients of these measures. 
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In addition to these instruments, one Observer’s Rating 
Scale was developed by the researcher for the measurement of 
‘Teacher Fidelity’ to prescribed treatments. Format designed by 
Worthen (1970) was adopted for this purpose. 


TABLE 6.1 
Validity and Reliability Coefficients of the Tests Used 


Name of the Test Validity Test-Retest 
Reliability 

Raven's Standard .860 1930 
Progressive Matrices 

( Categorical Style .523 (N=42) .5¢0 (N=37) 
Cognitive Subtest ) 
Style Descriptive Style .618 (N=42) .626 (N=37 
Test ubtest 

Relational Style 535 (N=42 1527 (N=37) 

( Subtest ( d 
Previous Knowledge Test * .574 (N=44) 
Concept Knowledge Test * .802 (N=39) 
Concept Transfer Test * 1554 (N=41) 
Heuristic Transfer Test * 1821 (N=33) 
Concept Retention Test | * 606 (N=27) 
Concept Retention Test II * 411 (N=32) 


и ar 
is Ji pe Content validity by virtue of their construction on 
of content outlines judged subject 
teachers. Judged to be adequate by subj 


6.4.0. Experimenta] Design 

Since random selection. of Subjects—the requirement of 8 
true experimental design—was difficult to be realized іп а 
classroom experiment, "Non-equivalent Control Group Design" 
(Campbell and Stanley, 1963, Р”. 217) was chosen for the study. 


6.5.0. The Experiment 


Cognitive Style Test an 


d th £ intelligence and 
previous knowledge rs € pre-tests on intelligenc 


е administered to the three groups 
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immediately on re-opening of the schools after winter vacation 
of 1981. Experimental teaching commenced оп November 12, 
1981, and lasted for ten weeks till January 20, 1982. All three 
groups were taught by the researcher himself strictly according 
to lesson plans for the three categories. Same concepts were 
taught for equal time duration to all the three groups. Examples 
given and assignments set forth were also similar. Each lesson 
of all the three groups was observed and rated by two previous- 
ly trained observer-raters : one internal and one external. 


Criterion tests I, II, and ІП, which were respectively made 
up of first, second, and third parts of concept knowledge test, 


concept transfer test and heuristic transfer test, were 


administered to the three groups in the periods following 


completion of eighth, twentieth, and twenty-fifth lessons respec- 
tively. Retention test I was administered exactly after two 
weeks period and Retention test II was administered exactly 


after eight weeks period from the completion of experimental 
teaching to all the three groups. 


Answer-sheets of the three groups for all the рге- and post- 
test measures were scored independently by the researcher and 
his senior colleague strictly according to the scoring keys pre- 
Pared in advance. Observer-raters’ reports were collected and 
scrutinized. The agreement between two observer-raters, 
observing the same lesson simultaniously, were found to be 
quite high (ranging between -13 and .96) for all the three 


Strategies, 


6.6.0. Analyses 


The data on Observer's Rating Scale was, first, analysed to 
assess teacher's fidelity to prescribed teaching strategies. It was 
found that Ausubel and Bruner strategies were satisfactorily 
adhered to while teaching mathematical concepts to group А 
апа group В respectively. Treatment given to control n г 
Was found to be contaminated by the characteristics O z 
Experimental strategies. Further scrutiny, however, indicate 


that this contamination was negligible. 


Conceptual Style Preferences of the students in the а 
gtoups were identified on the basis of their scores on 


160 Ausubel Vs, Bruner Model 


subtests of Cognitive Style Test. Ausubel group contained 
eighteen categorical Style students, five descriptive siyle students 
and fourteen relational Style students; Bruner group contained 
thirteen categorical Style students, six descriptive style students, 
and seventeen relational style students; and the control 
group contained sixteen Categorical style students, six des- 
criptive style students and sixteen relational style students. 


Means and Standard Deviations of the three groups and 
their style-wise subgroups on pretreatment measures of intelli- 
gence and previous knowledge were computed. Descriptive sta- 
tistics of the three groups and their style-wise subgroups for 
criterion measures of concept knowledge, concept transfer and 


tion concept tests I, IT and Ш; and those for short-term 
retention and long-term Tetention were obtained from the 


Statistical procedure used for inferential analyses was “Апа- 
lysis of Covariance’ since it was quite possible that the groups 
and the Subgroups might differ on pretreatment measures. 


as constant Covariate 
measures. Previous kn 


Oncept Transfer Test, Heuristic Transfer 
well as Long-Term Retention Tests. The 
Term Retention Test were used as third 


analysis of data Retention 
Test. оп Long Term 


Test and Short-Term as 
Scores on Short. 


:01 level Were, ho 


avoid Type II error. In addition to F-test, t-test was employed 
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6.7.0. Results 


Following results were obtained from inferential analyses 
which were carried out to test the null hypotheses pertaining to 
Objectives outlined in section 6.1.0. of this summary. 


Null hypothesis of mean difference between the performance 
of groups A and C was rejected (p<.01) on the criteria of 
knowledge and transfer, rejected (p<.05) on the criterion of 
heuristic transfer, and accepted on the criteria of short and 


long term retention. 


Null hypothesis of mean difference between the perfor- 
Mance of groups B and C was rejected (p<.01) on the cri- 
teria of knowledge, heuristic transfer, short-term retention 
and long.term retention but accepted on the criterion of 
transfer, 


Null hypothesis of mean difference between the performance 
of groups A and B was rejected (p<.01) on the criteria of 
heuristic transfer, short-term retention and Jong-term retention, 
rejected (p<,05) on the criterion of transfer, and accepted on 


the criterion of knowledge. 


Null hypothesis of mean difference between the performance 
Of categorical style subgroups of the groups A and C was rejec- 
ted (p<.0i) on the criteria of knowledge, and heuristic 
transfer, rejected (p<.05) on the criterion of long-term reten- 
tion, and accepted on the criteria of transfer and short-term 
Tetention; that for descriptive style subgroups of the groups 
A and C was accepted on all criteria; and that for relational 
Style subgroups of the groups A and C was rejected (p<.01) 
©n the criterion of knowledge but accepted on rest of the 
Criteria, 


Null hypothesis of mean difference between the performance 

ОЁ categorical style subgroups of the groups B and C was. 
Tejected (p<,01) on the criteria of knowledge, heuristic transfer, 
Short-term retention and long-term retention but accepted on 
the criterion of transfer; that for descriptive style subgroups of 
the groups B and C was rejected{(p<.01) on the criterion of 
euristic transfer, rejected (p< 05) on the criterion of short- 
term retention and accepted on rest of the criteria; and that for 
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jected 
relational style Subgroups of the groups B and C was өзе 
(р<.01) оп the criteria of knowledge, heuristic transfer, 


3 n the 
term retention and long-term retention but accepted o 
criterion of transfer, 


nce 
Null hypothesis of meaa difference between the басш 
of categorical Style subgroups of the groups A and B Нанту. 
ted (p<.01) on the criteria of heuristic transfer and shor 


x sfer; 
tion but accepted on the criterion of knowledge and гөй. B 
that for descriptive Style subgroups of the groups 


retention but accepted on the crite 


6.8.0, 


r. 
ria of knowledge and transfe 


Conclusions 


А ? , rom 
Following were some of the major conclusions drawn fi 
the results of this study : 


l. Ausubel Strategy was Superior to traditional i 
for teaching mathematical concepts to eleventh en 
Students, so far as knowledge, transfer and heuri 
transfer of the Concepts were concerned. 


for 

2. Bruner Strategy was Superior to traditional strategy nd 

teaching mathematica] Concepts to eleventh ranges 
dents, so far as knowledge, heuristic transfer, 5 


i ncepts 
term retention and long-term Tetention of the co 
were concerned, 


ive for 
er Strategies were equally effectiv rade 
i Concepts to eleventh 8 


teaching mathematica] 
Students, so f. 


rade 
COncepts to elevent 8 
ar as enhancing concept trans 
concerned, 


was 


5. Bruner Strategy was su 


for 
perior to Ausubel strategy 
teaching mathematica 


ade 
1 concepts to eleventh sf 
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students, so far as students' abilities to transfer heuris- 
tics—discover new relationships and to retain know- 
ledee of the concepts learnt for short as well as long 
period of time—were concerned. 

6. Conceptual style preferences of the students seemed to 
have differential effect оп their acquisition of mathe- 
matical concepts, when taught by Ausubel strategy. 
This strategy appeared to be more suitablefor teaching 
mathematical concepts to categorical style students of 
eleventh grade. 


7. Conceptual style preferences of the students did not 
seem to have differential effect on their acquisition of 
mathematical concepts, when taught by Bruner 
strategy. This strategy appeared to be suitable for teach- 
ing mathematical concepts to eleventh grade students 


of all conceptuai style preferences. 


6.9.0. Implications 


The study has following implications for the teaching of 
Mathematical concepts to eleventh grade students : 

1. To the extent that students’ ability to acquire knowledge 
of mathematical concepts is the only valued outcome 
of instruction, either Ausubel strategy or Bruner 
strategy may be used equally effectively. 

2. To the extent that acquiring knowledge of the concepts 
and their transfer in similar situation are concerned, 
Ausubel strategy may be preferably used. 

3. To the extent that acquiring knowledge of the concepts, 
their heuristic transfer, and short as well as long term 
retention are concerned, Bruner strategy may be 
preferably used. 

4. Ina mixed class consisting of students with different 
conceptual style preferences, Bruner strategy may be 


preferably employed. 


6.10.0, Suggestions 


Following are the few suggestions for future research in this 
area ; 
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The study should be replicated for different. lae. 
levels and subject matters to test the generalizability 0 
its conclusions. 


. Nurturant effects of the two strategies could be studied 


along with their instructional effects. 
Perceptual changes in students on being taught by the 


two strategies could be studied using semantic 
differential scale. 


In addition to product objectives process objectives of 


instruction may be included in a study investigating the 
effectiveness of these two strategies. 


- Teacher behaviours under the two strategies could be 


analysed from transcripts of the lessons taken by these 
two strategies. 

A factorial experiment should be conducted to study 
interactions of conceptual style preferences with the 
two strategies of teaching included in this study. 
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APPENDIX B 
UNITS OF TEACHING 


- The Concept of Set 

- Set Tnclusion 

- Set Combination 

. Cartesian Product; Relation 

- Equivalence Relation 

The Concept of Function 

- Inverse Function 

- Composite Function 

- The Concept of Limit of a Function 

10. Non-existing Limits 

1l. Formal Definition of Limit 

12. Uniqueness of Limit 

13. Limits of Identify 
Modulus Function 

14. Limits of Sum, Differe 

15. Limits of Product an 

16. Limits of Reciprocal 

17. Limits of Rational 


CPPrNINAMAPF WYN н 


: а 
Function, Constant Function an 


nce and Scaler Multiples 
d Polynomial Functions 
5 and Quotients 
Functions 
- The Concept of Continuity of 4 Function 
19. Forma] Definition o 
- Algebra of Continuous Function 
. The Concept of Derivative ofa Function 
22. Differentiability Vs, Continuity 

6 Differentiation by Definition 
24. Some Differentiation Formulas 
25. Algebra of Derivatives. 


f Continuity at a Point 


APPENDIX С 


LESSON PLAN ON AUSUBEL STRATEGY 


Unit 9 : The Concept of Limit оға Function. 
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l. Essential Characteristics of the Advance Organizer : 


(i) Ап advance organizer should be at higher level 
of abstraction and generality than the concept 


of limit. 


(i) It must include the concept of limit. 


(iii) It should be capable of providing ideational 
scaffolding for the concept of limit. 


(iv) It must be linked with previous knowledge of the 


students. 


(») It must strengthen the clarity and stability of cogni- 


tive structure. 


2. Туре of Advance Organizer : 


Ап expository organizer must be used since an unfamiliar 


Concept is being introduced. 


3. Formulation of Advance Organizer Presentation : 


The concept of continuity could well be used as an advance 
Organizer since it has all the essential characteristics Speci- 


fied above. 


Following is the text of an advance organizer formulated for 


this lesson. 


. Consider the graph of a func- 
tion y=f(x). The graph, as you 
DOW, is a curve in Cartesian 
Plane, If this curve goes on with- 
Out interruption or abrupt change, 
Wesay thatitis continuous. On 
the other hand, if there is а сар 
ìn the curve at a certain point Or 
it takes sudden jump at a. certain 
Point, we say that it is disconti- 
uous at that point. Depending 


Чроп whether the graph of a function is con 


tinuous or disconti- 
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nuous at a point, we say that the 
function is cor.tinuous or discon- 
tinuous at that point. The ques- 
tion is how to determine analy- 
tically the continuity or discon- 
tinuity of a function at a given 
point. 


Intuitively, we can бау that 
the function y=f (x) is conti- 
nuous at x—c iff f(x) approaches 
f (c) from both sides as x approaches c from the two sides. 
If f (x) approaches *? from both Sides as x approaches (c from 
the two sides and /-</с), then the function is discontinuous 
at x=c. The;‘l’, here, is called limit of the function as x tends 


to c and we write : Lim f(x)=1, fis continuous at x—c, iff Lim 
х->с х->с 


Y 


Хх) =) and discontinuous at х 


Қ =c, either if 
ID Lim Лх) о) or (2) Lim f егі 


X) does not exist. 


B j Қ 
ut, how to find whether Lim Aix) exists or does not exist- 
хәс 


For this purpose we 
С must preci T es ion at 
NO ur Precisely define limit of a functio 


II. Statement of Behavioural Objectives 


1. To enabl 


frase, * the students to formally define the limit of 2 
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x 


Ж 2. To enable them to identify whether the limit of a func- 
On at a given point exists or does not exist. 


3. To enable them to assimilate the concept of limit in. 


their cognitive structure. 


Ш, Presentation of Learning Task 
The meaning of Lim f(x)—1,as seen earlier, is that f(X) 
х->с 

тоог 1 from both sides as ¥ approaches c from the two 
ides. But this description of limit is too vague to be called 


Қа Шешаңев, So we need а more precise definition of the 
Imit of a function. 

To say that Lim f(x)— 
Хә х->с : j 
ae and 1 сап be made arbitrarily small (sm 
ci igned positive number) simply by requ! 

tently close to с. 


lis to say that the difference betweer 


maller than any pre- 
ring that x be sufi- 


Я Now, think of a positive number and call it e (epsilon). If 
it is true that Lim f@=/, then we can be sure that, 
XC 
Ло) —1 | >e for all x sufficiently 
96 sure that there exists а positive n 
if 0< | x—c | <8, 


then | fe)—1 | <. 


close to с, namely, we can 
umber à (delta) such that 
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Thus, we formally define limit as : 


Lim f(x) — 7 iff for each £70, 
хәс 


there exists 35-0 such that, 


if 0< | x—a | <8, еп | Жо)-4 | «e. 
Now consider Lim (2x4-5) 
x33 


The graph of this function 
As x approaches 3 fr 
the two sides. Hence, 


» 48 you know, is a straight line. 
om both sides, f(x) approaches 11 from 
Lim (2x +5)=)1, 

х->3 


Analytically, 


Let £—0 be assigned. We seek a number 27-0 
"such that if 


0< | x—3 | <5, 
Шеп 1(2х--5)-1І | <e, 


we note that, | Qx--5)—11 | «e 


Thus, if we choose б--г/2, we find that 


0< | x-3 1 <3 > | (2x+5)—11 | <e 


ie., Lim (2x+5)=11. ; 
x3 
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f 2x4-3 when x<2 

| 
Codsider a function fenes 4x—1 when x22 
L 10 when Х--2 


We want to evaluate 
Lim f(x) 
x2 


From the graph of the func- 
tion it could be observed that 
f (x) approaches 7 as х approa- 
ches 2 from left and f(x) 
approaches 7 as x approaches 2 


from right, irrespective of the 
fact that f (2)—10. 


Thus, Lim f (x)=7 
х->2 


X 


Now Let =2>0 be assigned, 


i^g Show that there exists 8720 such that if 0< Lh 
then 


If Q)—7 | < 
Богх<2, | f(x)—7 | = | (2-3) 77 | = [2344 
=2 | x—2 | 
For x>2, | ў (1—71 = | 4x—D—71—! 25—81 
М =4 | x—2 | 


; Thus, when x approaches 2 from left, 
taking 5—:/2 we find that 
0<|х-21<% > 1709-71 1 <= 
8nd when x approaches 2 from right, 
taking 8=c/4 we find that 
0<1х-21<а e 1/09-71< 
Hence Lim f (x)=7. 
x2 
f —1, x<c 
Now consider a function f. (9) mal +1, х>с 
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x | 
AS х approaches c from left. f (x) is constantly —1 and as Ж. 
dig осі Hg fixi атым» 22. 2 ді d 

22 Of exist. 

E 


Finally, consider a function 


f(x)—3x-c4 when х>1 


=l when x<1. 
х-1 
Ав х арргоасһев 1 from 
right, f (x) approaches 7; but 
as X approaches 1 from left, 
f (x) becomes exceedingly smal- 
ler (smaller than any preassign- 
ed negative number) Іп this 
case also Lim f(x) does not 
х->1 


exist. 


IV. Strengthening Cognitive Structure 


Now observe how this concept of limit helps us to determine 
whether the function js Continuous at a point or not. 
In example 1, Lim (2x--5)—11 
x3 


Also, (2х--3), =] 
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Thus, Lim f (x)=f (3) 
х3 


Hence, the function f (х)=(2х-75) is continuous at x=3. 
In example 2, Lim f (x)—7 but, f (2)=10. 
х->2 


Thus, Lim f (x)74f (2) 
x2 


dA „Hence, the function f(x) in this example is discontinucus 


In example 3, Lim f(x) does not exist. 
хс 


Hence, this function is discontinuous at x—c. 
Similarly, in example 4, Lim f (x) does not exist. 
x1 


Hence, this function is discontinuous at х=1. 


The concept of limit is, thus, closely linked w 
of continuity. 


ith the concept 


V. Description of Teacher's Activity in Each Phsse of the 


Strategy 
Phase 1. Presentation of Advance (0) 
presents the advance organizer by illustra 
diagrams drawn on the blackboard. 


Phase 2. Presentation of Concept by Definition : The tea- 
function on the blackboard 


cher writes definition of limit of a 
and tries to bring about its meaningful understanding by heming 
the discussion around it. 

Phase 3. Illustration of Concept by Examples : The teacher 
illustrates the definition of limit by examples. In doing 50 he 
wields full control over the situation and acts as primary source 
of knowledge. 


Phase 4. Relation of C 
teacher relates the concep 
by showing its close connection wi 


rganizer : The teacher 
ting it with the help of 


e Organizer : The 


oncept of Advanc 
ganizer 


t of limit to an advance ог) 
th the concept of continuity. 


APPENDIX D 
LESSON PLAN ON BRUNER STRATEGY 


Unit 9: The Concept of Limit of a Function. 
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I. Analysis of the Concept 
1. Name ofthe concept 
Limit of a function yf (x) 
as x tends to с. 
2. Attributes of the concept 
(а) Essential attributes : 
G) Tendency of f (X) to approximate ‘1’ 
as “х approaches ‘c? from left 
(ti) Tendency of f (x) to approximate ‘1’ 
as ‘х approaches “с” from right 
(5) Non-essentia] attributes : 
G) The type of function y=f (x) 
(i) Existence of f (x) at x—c, 
3. Type of the concept 


Since the Concept is defined b 


Y joint presence of its essential 
attributes, it is 


а conjunctive concept. 
II. Statement of Behavioural 
1. To enable the sty 


from examples and 


2. To enable them t 
limit, 


Objectives 


а imit 
dents to attain the concept of limi 
non-examples, 


9 formally define the concept of 


3. То enable them 


3 ae t 
to analyse their concept attainmen 
Strategies, 


» 
Prearranged Order, labelling them JS 
) у Бе, Concept involved being conjunc- 
tive type, exemplars Cyes’ examples) would contain all ie 
essential attributes of the Concept. In the non-exemplars Ce 
examples), On the Other hand, One or more of the essential 
attributes woulg be absent, Non-essential attributes would 
Serve the purpose of Producing noise which is necessary for 


Proper attainment of the Concept, Following is the text for the 
presentation of exemplars and Don-exemplars, 
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Here are some statements involving the concept of limit of a 
function. Those which illustrate the concept have been marked 
yes" and those which do not have been marked “по”. Study 
the exemplars and non-exemplars carefully and identify the- 
concept involved in the exemplars. 


1. Consider a function f (x) —2x +5 


x—-3-— 


As x approaches 3 from left, fo) approaches 11 


As x approaches 3 from right, f (9) approaches 11 
f 2x43 when х<2 


| 
2. Consider a function far 4x—1 when x>2 
( 10 when x—2 


YES 


f (2)=10 
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But, as x approaches 2 from left, f(x) approaches 7 and 
аѕ x approaches 2 from right, f(x) again approaches 7. 


Г —1, x<e 
3. Consider a function f£ (x)= 
L +1, xc 
Y 
І 
! 
+1 ——— 
I 
Ere : NO 
! 


As х approaches c from left, f (x) is constantly —1 and as X 
Yapproaches c from right, f (x) is constantly +1, 


4. Consider a function 


f QO—3x--4 when x21 


1 
Ете when х<1 


NO 


V 


i ga rau 
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As x approaches 1 from right, 
f (x) approaches 7 


As x approaches 1 from left, f(x) becomes exceedingly 


:smaller (smaller than any preassigned negative number) 


5. Consider a function 
f(x)21x1l 


YES 


As x approaches 0 from left, 
fe)1xI approaches 0 
As x approaches 0 from right, 
fæ] approaches 0 
6. Consider a function 
1 


2—2 


fo) 


Y 


— 


NO 


P 


] 
1 
| 
1 
\ 
t 


As x approaches 2 from left, f € 


ху becomes exceedingly 


smaller (smaller than any preassigned negative number) 
x) becomes exceedingly 


right. f ( 
irom aE d positive number) 


As x approaches 2 4 
an any preassigne 


larger (larger th 
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7. Consider а function 
у= (x) 


YES 


For every arbitrarily chosen e<0, 


there exists 5>0, 


Such that 
i 40-21 ж-е | «5 
then If 69—1 | «e 


IV. Concept Attainment Strategies 


Plars. Those Using wholist strategy would 
Ypothesis and compare 
5 and non-exemplars to; 
he concept. The partist would formulate their 
first yes" exemplar and 
ubsequent exemplars and: 


У. Description of 


Opening Moves of the Teacher in Each Phase 
of the Strategy 


Phase 1. Presentation of Positive and Negative Examples: 
The teacher would present the Sequence of positive and negative 
examples by writing them down on the blackboard, Positive 
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examples (exemplars) would be labelled as **Yes" and negative 


examples (non-exemplars) as “Мо”. 


t by the Students: The 


Phase 2. Identification of Concep 
bserve carefully the 


teacher would ask the students to 0 
exemplars and non-exemplars and hypothesize about the соп- 
cept embedded in them. As the students start mentioning their 
hypotheses he would go on recording them. A prompt would 
be given if necessary and additional examples supplied if 
demanded. Balancing the hypotheses:put forth by the students, 
he would enable them to identify the concept. 

Phase 3. Elicitation of Definition from the Students: The 
concept having been identied by t 
approaches the same number 41” as x approa 
Sides", the teacher would name the [concept as 
fünction as x tends to С” and symbolize it as: 

Lim /0)=1 
xc 


“limit of the 


He would then attract students’ attention to the last exemplar 
in the series and elicit formal definition of the concept of limit 


from them. Having defined the concept as: 


Lim f@)=! 
х->с 
iff for every e > 0, 3 ê > 0 such that 


Са = Ton ee 
he would apply the definition 10 one or (М0 exemplars and 


illustrate the є —5 technique. 


Phase 4. Analysis of Concept Attainment Strategies: The 
rbalize their thinking 


teacher would ask the students to ve 
ept from exemplars and non- 


process in identifying the сопсер : 
exemplars. He would then analyse the strategies used by them 
and reveal the nature of each strategy. It would be emphasized 
that no strategy should be held as superior to another and that 
the students should always employ their own preferred strategles 
while attaining the concepts. 
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APPENDIX E 
LESSON PLAN ON TRADITIONAL STRATEGY 
Unit 9: The Concept of Limit of a Function. 


l. Introduction 
1. Recapitulation of Previous Knowledge : 


You have learnt earlier the important concepts of relation 
and function. Relation from set А to set B was seen to be à 
rule of correspondence between the two sets and was defined as 


а subset cf cartesian product AXB, satisfying the condition 
involved in the rule, 


A rule of Correspondence which associated every element of 
Set A with one and only one element of set B was called 
function, Thus every function was seen to be a relation and as 
such a set of ordered pairs which when plotted in a cartesian 
frame gave the graph of a function. 

2. Naming the concept : 


In today's lecture 


you аге going to learn the concept of 
limit of a function at 


а given point. 
3. Importance of the Concept : 


П. Statement of Веһауіош 
1. To enable the stu 
а function. 


ral Objectives 
dents to define the concept of limit of 


To enable them to memorize the definition, 
3. To enable tbem to use the definition in solving simple 
mechanical problems, 
ІШ. Presentation 9f Definition 


Let y=f(x) be a function, 
approaches c from both sides, we 
(X) as x tends to c. 


If f(x) approaches 47 as * 


Say that 417 is the limit of 
We write this as 3 
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Lim f(x)=1 
х->с 
Formal definition of limit is as follows : 


Lim f(x)=1 
х->с 
iff for every є > 0, there exists à —0, such that 0< | x—c | <è 
implies | 709—1 1 « e. 


IV. Exemplification of Definition 


Consider a function f(x) =2*+5. You know that this is E 
ll be a straight line in 


linear function. Hence, its graph wi 
cartesian plane. 


From the graph, you can see 
that as x approaches 3 from the 
two sides, f(x) approaches 11. 
Hence, Lim (2x4-5)—11 


x3 


Now assign an = >> 0, we 
want toshow that there exists 
$ — 0, such that 

0c ix—3|« 82 | 0x—59—11 1 <e 


| (2x+5)—11 | = | 2x—6 |--21х-3| 
2|х-3|<е«е>іх-3| <</2 


So we take 8--е/2 
Now if | х-31 <5--в/2 
then 2|х-31| <= 
i.e. | 2x—6 | <e 
Le. | (2x4-5)—11 | < 
Hence, Lim (x45)1l. 
x3 


Now consider a function 
fix) 2x--3, when, 9 < 2 
—4x—1, when x > 2 
=10, when х = 2 
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f(2)=10. But As x approaches 2 from left, f(x) approaches 7 
and as x approaches 2 from right, f(x) approaches 7. 


Since, f(x) approaches 7 from both sides as x approaches 2 
from the two sides Lim /(х)--7. 
x2 
Let e > 0 be assigned. 
We want to find 5, — 0 such that 
0<|х-2|<%-> | (2x+3)—7 | <% 


and 0—1x—2|«32 |(4х-1)-7|<<с 
| Qx43).—7 | = | 2x—4 | =: |х-21 


| (4x—1)—7 | = | 4x—8 | =4 | x—2 | 
Thus, when x approaches 2 from left, 


and 


we can take 8=e/2 
and, when x approaches 2 from right, 
we can take 5--г/4 


Since 8, exist, we have Lim Жо)--7 
х->2 


; f —lyx<e 
Consider a function S(x)=< 
UTLxlÍe 


From the graph of this фоно, we observe that f(x) 15 
constantly —1 when x appi; 


aches c from left and fox) is 
constantly --1 when x approaches from right. 


-Appendices 


- 


Le MEL iS ET 


In this case, we say that Lim f(x) does not exist. 
х->с 


E 1 
Finally, consider a function fix)—:—5: 


The graph of this function comes out as given below: 


As x approaches 2 from left, 
(ж) becomes exceedingly smal- 
ler (smaller than any preassigned 
negative number) and as х ap- 
Proaches ? from right, f(x) beco- 
mes exceedingly larger (larger 
than any preassigned positive 
number). 


Hence, Lim L does not 
x2 


=------ гү ------------ 


exist. 


Find yourself whether the following limits exist : 
( 3x-+4, when х 21 
(i) Lim fx), {@)=4 
Xon) el when x < 1 
х-! 
(а) Lim |х| 
х->0 
10, when x3 


(ii) Lim, Ло), FO 3x43, when x«3 
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V. Description of Teachers’ Verbalization in Each Phase of the 
Strategy 


1. Presentation of Detinition: The teacher writes the 
definition of limit of a function on the blackboard and 
reads it loudly several times, 


{ә 


Illustration of Definition by Examples: The teacher 
writes examples on the blackboard, draws figure and 
explains the definition with the help of the problem and 
the figure. Pupils’ participation is minimal. 


3. Memorization of Definition: The teacher asks the 
students to take down the definition written on the 
blackboard ia their notebook, He then advises them to 
read the definition several times till it is committed to 
their memory.He also tells them that if necessary they 
may write the same definition several times in order to 
facilitate memorization. Finally, he asks one or two: 
students in the class to stand and recite the definition. 


4. Mechanical Application of Definition to Solve Prob- 
lems: The teacher solves problems on the blackboard 
eliciting. mechanical Tesponse from the students on the 
basis of crammed definition. 


APPENDIX F 


COGNITIVE STYLE TEST 
Directions 


Each item in this test can be made a Meaningful statement 
by using one of the three Tesponses in parenthesis, For ехаш- 
ple: Item X below reads “Dog is to Horse as Crow is to (а) 
Tree (0) Black (с) Parrot”. The correct answer is ‘Parrot’ 
because just as dog and horse are animals, crow and parrot are 


birds, In your answer-sheet, therefore, you will encircle 'c* 
against X as follows : 


X a b © 
— 


In item Y, the correct answer is Filament, so you will 


encircle ‘$’ against Y, Similarly “а” against Z will be en- 
circled. 


| 


= 
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X. Dog : Horse :: Crow : (a. Tree b. Black c. Pariot) 
Y. Lamp : Wick :: Bulb : (а. Electricity b. Filament c. Switch) 
Z. Calf : Cow :: Child : (a. Mother b. Father c. Home) 


Read each item carefully. Decide a category or relation 
between the first two terms. Associate the third term with one 
of the three responses in bracket in order that a category or 
relation is established between the third and the fourth term 
similar to that between the first two. 

Your answers аге to be recorded on a special answer sheet. 
Please do not make any mark on this test blank. Fill out the 
headings on the answer-sheet before starting the test. Do not 
begin unless you are told to do so. 


I 


Ganga : Kaveri :: Himalaya : (4. Everest b, Gangotri 
c. Sahyandri) 


= 


2. Rose : Chameli :: Orange : (a. Garden b. Mango c. Potato) 


(a. Spring b. Summer 
c. October) 


h c. Wool) 


3. August : September :: Winter : 


. Rice : Weat :: Cotton : (a. Jute b. Clot 


(a. Spectacles b. Vision c. Ears) 


. Hands : Legs :: Eyes : 
eer c. Campacola) 


. Tea : Coffee :: Goldspot : (4. Milk b. B 


. Cricket : Hockey :: Chess : (4. Bridge b. Kabaddi 
с. Badminton) 


а OU Ff 


8. Bangles : Necklace :: Snow : (a. Mirror b. Face c. Powder) 


9. Bicycle : Scooter :: Boat : (a. Launch b. Train c. Plane) 


10. Fish : Meat :: Carrot : (а. Eggs b. Brinjal c. Water) 
: Maharashtra : (a. Asia b. Bombay 


11. Europe : America : 
> c. Kerala) 
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12. 


13: 


14. 


15. 


SPADA к оқ - 


10. 
11. 


13. 
14. 


L Father : Mother : 
. Pencil: Paper : 


w 


- Flower : Fragrance : 


I5: Geometry : Axioms : 
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Chair : Table :: Mug : (a. Dish b. Tea c. Stool) 
Copper : Silver :: Carbon : (a. Pencil b. Sulphur c. Black) 


Test-Tube : Flask :: Books : (a. Shelf 5. Story А 
c. Magazine) 


Square : Circle :: Prism : (a. Sphere b. Spectrum c. Glass) 
I 


. Lead : Pencil :: Ink : (a. Bottle b. Paper с. Pen) 

. Leather : Shoe :: Wood : (a. Saw 5, Almirah c. Tree) 

- Lense : Camera :: Eye : (а. Body 5. Spectacle c. Vision) 
- Chair : Legs :: Flag : (a. Colour b. Post с. Nation) 


. Drama : Stage :: Cinema : (а. Music b. Hero c. Screen) 


Car : Wheels :: Bird : (a. Tree b. Sky c. Wings) 


- Fish : Aquarium :: Animal : (а. Jungle b. Zoo c. Farmer) 
- Picture : Colour :: Poem : (a. Poet b. Book c. Words) 
. Athlete : Physique :: Scholar : (a. Knowledge b. Habits 


c. Books) 
: Human : (а. Life b. Senses c. Kindness) 
Sugar : Sweetness :: Music : (a. Guitar b. Lyric 
c. Melody) 
: Man : (a. Woman b. Character 
c Wealth) 
(а. Fame b. Degree c. Position) 
(a. Longevity b. Aim c. Success) 


: Nation : (a, Population b. Prosperity 
c. Constitution) 


Horse : Reins : 


Lamp : Light :: Learned : 
Boat : Rudder :: Life $ 


Ш 


: Uncle : (a, Cousin 5. Aunt c. Sister) 


: Chalk : (а, Teacher b. Calcium 
c. Blackboard) 


- Milk : Cow :: Ege : (a. Hen b. Proteins c. Omlete) 
+ Ship : Harbour : 


: Bus : (а. Conductor b. Driver 
c. Station) 
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5. 


7. Flower : Bees :: Sugar : (a. Crys 
8. Wire : Electricity 2 Тар: 
. Moon: Earth :: Earth : (a. Ocean b. 


. Pupil : Teacher : 


. Shadow : Light : 


. Ebbs : Tides :: Despair : (a. 
. Flower : Thorn :: Joy : (a. 


: Petrol : (a. Fire b. Scooter 
c. Dry-cleaner) 


Client : Lawyer :: Patient : (а, Disease b. Doctor 
c. Hospital) 


Coal : Locomotive : 


tal b. Water c. Ants) 
(a. Water b. Basin c. Meter) 
Sun c. Space) 


+ Public : (а. Reformer b. Government 
с. Peace) 


Book : (a. Printer b. Publisher 


. Portrait : Painter :: 
c. Author) 


: Ignorance : (4. Ego b. Knowledge 
c. Tolerance) 


Hope b. Anxiety c. Faith) 
Insult b. Injury с. Sorrow) 


b. Philosophy 


. Soul : Body :: Logic : (a. Science 
c. Mathematics) 
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Answer Sheet 
Name of the Student : ..................... ET vs 
Арес 12k Nisin 06 . Months Sex : Male/Female 
Name of the Institution : .........ccccccccesescscessscececeseaceceeet® 
Class? elus SECHON $ 255-2224; Date : ............ 
Time : From ......... A 55250202) Duration : ...... . 
No. | же. I | n 

2 a b c a b c a b с 

3 а b c a b c a b e 
уБ амер as . Bust Ie 
Ры Сс a bw" a, "Dus 

6 ah c a b c a Kb c 

7 ВБ xc eS Nn TT al. Bc 

З Aat. шо aD DONC a "B c 

? Be PDL DD LA TT a ыс 
10 a b c a b e a b c 
11 a b c 2. 1. DR ta à Date 
12 at cB? ue Fu 15 5 А b c 
13 4 WbL.' eon ат al won te 
14 a b с а b е A b c 
15 a b c a b e à b c 
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Scoring Key 
Item Scale I Scale IL Scale III 
No. (Categorical) (Descriptive) (Relational) 
1 | c c b 
2 b b c 
3 b a a 
4 a b c 
5 c с b 
6 c c b 
7 a b с 
8 с с а 
9 а а b 
10 b b a 
11 c c c 
12 a b b 
13 b a a 
14 c b с 
15 а с с 
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APPENDIX G 
PREVIOUS ENOWLEDGE TEST 


Name of the Student : 

Age : ...... Yrs. ...... Months. 
Sex : Male/Female 

Name of the Institution : 
Class ; ......... Section: ...... 
Dates? л 250.22 10 


Time: From ......... 
Duration: ... ... 


N.B. : Choose the correct alterna 


1. The square root of 3 is .. 
(A) odd (B) prime (C) irr 


w=? 
(А) —2а (B) 2- (с) — 
- The degree of a polynom; 


(A) 3 (B) 2 (©) —4 (D) 5 


owing is 
(А) 16--9—25 (В) 16--9 
(D) Add 9 to 16 


+2 
expression is... 


2 
. The condition for Y 


Dear Student, 


Here is a simple test of 
your understanding of the cons 
cepts which you learnt ІП 
previous two grades. Please 
answer all questions to the 
best of your ability. Do not 
spend undue time on any 
single item. Your answers are 
to be written in the space 
provided for the purpose oD 
this sheet itself. 


tive. Answers 


m 


ational (D) imaginary 


a (D) 2. 


ial 3х2--4х-Һ5 is 


an open sentence ? 


=25 (С) x+9=25 


to be a rational algebraic 


(А) x=1 (В) х»<1 (С) x=—2 (р) х»<--2 


- If a, b, c are in со 


ntinued 
(А) арс (В) b2 


=ас (С) 


- The graph of x—2«7is. 
(A) a line (B) a ray (C) a 


- The vertex of a parabola y=x2 
(A) (0, 3) (B) (3, 0) (C) (0, —3 


Proportion, then ... ... 
c?—qb (D) abe=1 

--6х--9 is 
) (D) (—3, 0) 


segment (D) a point 
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10. If |a |< | b | , then : 
(A) a<b (B) —a<—b (C) 2<0 (D) <a 
11. If à*—y, a>0 and a1, then... «= 
(А) a—log, y (В) a=logy x (C) x=lo i 
Ba Y 
(D) x=logy 4 1 : 


12. The equation axi--bx4-c—0, 4*0 has equal roots ..- 
if (A) 52—4ас2>0 (В) Ы-4ас--0 (С) Ы-4ас<0 
(D) b?—4ac is a perfect square. 
APPENDIX H 
CONCEPT KNOWLEDGE TEST 


Dear Student, 


Name of the Student: 


Age: ......Үгв...... Months. 
Sex : Male/Female 


Name of the Institution : 


Here is а simple test of 
your knowledge of the con- 
cepts learnt during experimen- 
tal teaching. Please answer 
all questions to the best of 
your ability. Do not spend 
undue time on any single item. 


Class : ........ Section «+++ À 
Date : Your answers are to be written 

x - jn the space provided on this 
Time : From ...--- То ..... sheet itself. 


Duration 2... «emot nt 
М.В. Choose the correct alternative 


PART I 
1. Which of the following collections is not a set? 
(A) Collection of books in the school library. 


(B) Collection of all beautiful things. 


(C) Collection of birds without wings: 
1 numbers. 


(D) Collection of all natura. 
2. Which of the following sets of ordered pairs 
the relation “15 less than” from. 
A to B where A-(0, 13 and B=il, 232 
(A) «0, D, C; 2), (2, 1} 
(B) (0, D. (1, 1), (1, 2) 
(С) «0, 1), © 2), 01,2) 
(D) «0, 1, (0, 2), (1. 1), (1, D} 


Answers- 


determine 
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3. Which of the following associations determine a func- 
tion f : XY where X=({1, 2, 3, 4 
and Y={a, с, е) 
(4)12a (В) Іс (С) 1-е (D) None of 
2-с 22e 2-ж А 
3-е 3-с 3-а В 
4-е 4-е С 
3c 
4. Which of the following functions has an inverse ? 
(А) 70Х)= |X], Xd 


: at f (X)—3X, 
P іі ыы Rig x B={—6, —3, 0, 3, 6) 
(C) f (X)—2X--3, XER 
(D) /: А-В defined by the set (о, X), (B, X), Cv, ҮҘ. 
where A—(a, В, Y) and B={x, Y, Z} 


PART II 
5. Lim f (x)=1 implies 
xc 


(A) f is defined at c 
(B) fis defined at Some point near c 


(C) f (x) approaches | as x approaches c from both 
sides, 


(D) f(c)=1 


Lim f (x) does Not exist if 
xc 


(A) fis not defined at c 


(B) fis defined at c but its Braph is broken at c 
(C) fisa constant function 


(D) f= 


х-с 
- Lim f (x)=1 if and only if 
хәс 


(А) for every 57-0, there exists £250 such that, 
0< 1 х—е | |у (x) —1 | <e 
(B) for every c7 6, there exists 57-0 such that, 
0<|х-с|-%> I 702-і | <e 
(С) Ғог every «0, there exists $720 such that, 
| x—c | <> If 69—1 | < 


A . 
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(D) for every <>0, there exists 870 such that, 
1700—11 «e | x—c | <8 E 
A function f is continuous at c iff 
(A) for x close to с. f (х) is close to f (c) 
(B) Lim {=f (а F 
хс 


(C) f is defined at c 
(D) Lim f (x) exists 
xc 


PART Ш 
9. A function f is differentiable at X iffi 
(A) f is continuous at x 
(B) Lim f (Х--!) exists 
ho 
(C) Lim f Gcr £00 exists 
һ->0 
(D) The graph of f comes to à sharp point at x 
10. If f (X)=0 for all X in the domain of f, then 
(A) fis an identify function 
(B) fis a constant function 
(C) f is nct defined at X 
(D) f is discontinuous at X 
APPENDIX i 
CONCEPT TRANSFER TEST 
Name of the Student : Dear Student, 
Pry oo Kee Here is а simple test of 
Арес. Yrs. e Months. Your ability to transfer the 
Sext concepts learnt during experi- 
ex : Male/Female mental teaching. Please answer 
Name of the Institution : all questions to the best of 
MASS LyOUE ability. Do not spend 


‘Class : 


Time : From ....- 


undue time оп апу single item. 


Las. Section -+ = 
Your answers аге to be written 
Date: cn 


іп the space provided on this 
To sheet itself. 


Пшайоп:..----” minutes 


N.B. : Supply the missing words or symbols. 
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~ 


an 


D 


со 


wo 


10. 
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PART I 


- The set of all equilateral triangles is a... ... of the set. 


of all isosceles triangles, 


* If A is the set Of all students in the class, then the. 


relation R on AXA defined by 
R—((a, ba, = A anda is as clever as 5) 


Y 
Does the curve in the 


adjoining figure repre. 
Sent graph of a function 
Y=f (X)? ... has 


- If f maps Pupils into their heights and g maps pupils. 


into their Weights 


Then g o UPS. ЧА 
PART II 
—lifx<e 

b Ifa) dint 224 1) then 
Lim fæ)... — 

х->с 

=f 3x—1, Ғх2 
. If л) 6 езен then, 
Lim у(х)... 
2 


. Lim x=c, Since for each t70, there exists ӛ--...... 


x—>c 
satisfying s—8 definition of limit. 


um 
If f ips eum then f is......at 3 


PART Ш 


- The slope of tangent to the parabola 


y—2x'—] at x=] is 
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APPENDIX J 
HEURISTIC TRANSFER TEST 
Name of the Student: Dear Student, 
"T TP EISE es Here is a simple test of 
Аре:........ .Yrs...... Months. your ability to transfer the 


Sex: Male/Female heuristics of concepts learnt 
Name of the Institution: during experimental teaching. 

e Institution: Please answer all questions 
to the best of your ability. 


Class: ........ Do not spend undue time on 
Date: ...... any single item. Your answers 
Time: From.........TO.-.7 arogo be written in the space 
Duration: provided for the purpose On 
jon:......--. this sheet itself. 
N.B. Do as directed. 
PART I 


1. Taking E—(0, 1), A={0} and B= 
Discover relationship between (AUB? and 
Answer : 


АСГ\ВЕ. 


2. Let A be the collection of all subsets of some set x. 
Show that ‘=’ is an equivalence relation on A. 


Answer : 


3. Let f(X)= x be the function defined on the set of real 
numbers. To what value does ҮСХ) approach as X tends 
to infinity? 

Answer : 
4. Given. foo-2x*, Х.Е, find the approximate vale of 
Izt in terms of X, where h#0 and h is 


infinitely small. 


Answer : 
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PART II 
F х"—а" 
5. Obtain inductively, lim xcu , a>0 


х->а 


6. Define Lim f(x) and show that Lim — =0 


; x+h)—f(x) 
7. Given Жх)--тх-Ес, find Lim Д Т 
Interpret this limit with regard to f. 


8. Find the points (if any) at which the following functions 
are continuous. 


м 1, x rational 
(i) ло) 0, x irrational 


Woa X, X rational 
NISUS 0, x irrational 
PART Ш 
9. If y=Xs, find -" by definition. 
dx 


10. If the displacement 
origin at time t 
(4) initial velocity; 


У of the moving particle from 44 
is given by у=—5/24-6/--10 fin 
and (il) acceleration, 


APPENDIX K 
CONCEPT RETENTION ТЕ5Т--1 
Name of the Student... |... а et 
LC aan Sexi... Class... 2222 Section:,.. ... ++ 
Name of the institution;.., 56 vA “wed 
ПАС Time. | ез «Duration... ... oe -- 
N.B. : 


Fill up the blanks to complete the following statements. 
1. The collection о 


f ‘all теп of good will’ is not a set 
because... ... os 


elation (C) on the Set of sets is reflexive 


2. Inclusion r 
СЫ ИЕТ d. -..but not 


an 


Appendices 2n 


3. A function f: A—9B isa rule of Él which 


associates... ... -- ...element of А to.. со 
element of B. 
4. Fo exists iff / 15... --- ...and... ... .« 
5. Lim f(x)=1 if f(x) Байтен ЖЕТТІ ата” eed 
x0 
approaches c from both sides. 
h 
6. Lim L | 
ГЕТ 
7. Lim (5Х2—12Х +1)... m 
x1 
8. fis Seay at C iff for every ->0, there exists $20 
such that.. 
9. Derivative of г е function js eet the slope of 
ае ..at point... 
d 5 
— 3 — > ba, = . s.e cee 
10. “чу [Xs —2X?--5X 10]=... +. 
APPENDIX L 
CONCEPT RETENTION TEST—2 
Name of Student: ..- 457 T ee 7 
Age:.- "m: obses ..Classs..  ..Section.. ... +e 
Name af the institution:. ay 7 РЗ 
pate... ... = .-Time:.. ТҰ». UE Duration ...:... ... ++ 


N.B. : Fill up the blanks to complete the following statements. 
1. ІҒАСВ, then AUB--- «++ + 
2. КЕ isa relation from А to B, then RC ... ... + 


. If A-íL 2) and B=(a, b), then 
rt, a), (1, b), 2: Dye a function from A to B. 


TERR х->2Х, XeR, than f of” ()—-- 
5. Lim fX)! iff for every c»0, there exists ; 850 such 


фћаё-- 
6. Lim i 
im zoe 
x2 X2 
à Хх:-4 
Tatum ЕД eo 
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8. f is continuous at c, iff Lim f(X)—.... 
х--С 


9. A function f is said to be differentiable at x iff 


Lim... seen exists. 
10. Every differentiable function is-................. but not vice- 
versa, 


APPENDIX M 
OBSERVER’S RATING SCALE 
Name of the Observer Rater: 
Academic Qualification: 
Professional Qualification: 
Total Teaching Experience: 
Present Place of Work: 
Occupational Status: 
Date and Time of Observation: 
Place of Observation: 


СТОНЕ d БОЈЕ Unit; .. Д 
Кет Rating 

А. Method of Induction OF dl. 2,731 2.95 
B. Introduction of Generalisation 0:1 2i 73! 205 
C. Mode of Concept Acquisition Evoked D I 2 43-445 
D. Interjection of Teacher Knowledge OM) 2-3 4» 5 
E. Degree of Structure 051 232% 
Place: 

Date: 


bos VI MM 2 
Signature of the Observer Rater 


INSTRUCTIONS TO OBSE 
Dear Sir/Madam, 


Here is a simple instrument t 
the prescribed teaching models ї 


RVER RATERS 


© assess researcher's fidelity to 
п his doctoral research study. 


You are Tequested to record your free and frank observa- 
tions by encircling any one number from 0 to 5 against each 
item of the given Tating scale. The rating of 0 would indicate 
that the item was unobserved or had no Occasion to occur. The 
Tating of either 1, 2, 3, 4 or 5 should be assigned in order to 
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indicate the occurrence of teaching behaviouras given below 
for each item separately. 


1. 


ы 


De 


A. Method of Induction 

The teacher begins his lesson by presenting positive and 
negative examples of the concept. He asks pupils to 
Speculate and identify the concept. 

The teacher presents positive and negative examples, 
He tells pupils some attributes of the concept and then 
asks them to identify the concept. 

The teacher presents positive and negative examples 
and himself tells pupils the concept involved. 


- The teacher begins his lesson by introducing some 


general idea at the same level of abstraction. 


- The teacher begins his lesson by presenting a more 


inclusive concept at the higher level of abstraction and 
generality (hereinafter referred to as АМ ADVANCE 
ORGANIZER). 


B. Introduction of Generalization 


- The teacher elicites formal definition of the concept 


from the students when all or nearly all of them have 
identified the concept from examples and non-examples. 


- The teacher himself gives the definition when all or 


nearly all students have identified the concept from 
examples and non-examples. 

The teacher hastens to define the concept after present- 
ing examples and non-examples. 


. The teacher gives definition of the concept before 


presenting any examples. He does not even illustrate 
the concept by examples. 


. The teacher does give definition of the concept before 


presenting any examples, but he illustrates the concept 
by number of examples. 


C. Mode of Concept Acquisition Evoked 


The teacher asks students to analyse their strategies of 


concept attainment. 
2. The teacher himself analyses the strategies of concept 
attainment. 
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3. 


4. 


- The teacher does not act 


- The teacher is the primar 


E. 
- The teacher is liberal. 
- The teacher is Supportive, 
- The teacher is a task- 


- The teacher is authoritarian 


- The teacher is the 


Ausubel Vs. Bruner Model 
The teacher does not analyse concept attainment 
strategies, 


The teacher relates the concept taught to an ‘Advance 
Organizer’ presented earlier. 


- The teacher helps students see the relationship between 


the concept taught and the “Advance Organizer’. 


D. Interjection of Teacher Knowledge 


- The teacher does not act as Primary source of know- 


ledge but shows as if he depends upon the students to 
attain the concept. 


as primary source of knowlege 
but is inclined to provide cues. 


The teacher does not hide his knowledge of the subject 
and is anxious to help students identify the concept. 


- The teacher appears to have read widely but students 


cannot rely оп him for meaningful understanding of 
the concept. 


y source of knowledge and 


students fully rely on him for meaningful understand- 


ing of the concept. 


Degree of Structure 
He encourages students to form 


their own hypotheses using their own Strategies even if 


they are wrong. 


He cannot avoid suggesting 


the correct hypotheses and indicating his preference for 


a particular Strategy. 


master. Не gets annoyed when 
wrong answers are given and insists that only the right 
concept be identified and Correct strategy be used. 


: He commands the whole 
Students are only the followers. 


Controller of the class. He carefully 
d hems the discussion around it. 


affairs in the class, 


selects materia] an 


ABOUT THE AUTHOR 


е process got 
dels of Teach- 
he result ot his 


Workshops on ‘Models o 
ized byt 


A few ambitious research Scholars are 
Working for their Ph.D. unger his guidance, 
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* Industrial Economics 
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Vol. 1 — Issues and Problems 
Vol. П — Programmes and Strategies 
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ж Marketing Management in Indian Perspective 
Khanna, К.К. 
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